America  returns  to  space 
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In  support  of  the 
National  Aero-Space  Plane, 
Pratt  & Whitney  proudly 
raises  its  hand. 

The  American  aerospace  commun- 
ity is  united  in  its  commitment  to 
develop  the  X-30,  and  the  Pratt 
Whitney  eagle  is  proud  to  be 
part  of  the  team.\JCfe’re  designing 
the  engines  that  will  power  the 
craft  from  runway  takeoff  into 
earth  orbit.  And  we’re  applying 
some  out-of-this-world  experience 
to  do  it.  Our  J58  turbojet  engines 
power  the  SR-71 — the  fastest, 
highest-flying  aircraft  ever  created. 
We’ve  already  tested  scramjet 
engines  to  Mach  8 and  advanced 
engine  components  to  Mach  20. 

And  we’ve  integrated  air-breathing 
engines  into  more  than  1,200  dif- 
ferent types  of  man-rated  aircraft. 
You  want  a manufacturer  who 
knows  air-breathing,  man-rated 
propulsion  firsthand — and  we 
display  our  eagle  as  testimony. 

We  read  you  loud  and  clear. 
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From  The 
Publisher 


Even  folk  singers  want  to  go. 

Last  year  John  Denver,  a full-fledged  space  buff,  offered  the 
Soviets  $1,000,000  for  a ride  into  orbit.  I guess  a million  bucks  wasn't 
enough.  They  set  the  price  at  ten  times  that — more  than  John  was 
willing  to  pay,  apparently,  for  his  Rocky  Mountain  (real)  high. 

Only  $10  million?  It's  probably  just  a matter  of  time  before  some 
Trump  or  Getty  or  Rockefeller  shells  out  the  bucks.  Relatively  speak- 
ing, it’s  not  that  much  money.  Aren't  there  right-fielders  who  make  that 
in  a year? 

But  what  about  the  rest  of  us?  Ten  million  is  a bit  over  most  people’s 
Visa  card  limit. 

Remember  a contest  Omni  magazine  ran  a couple  of  years  ago? 
The  cover  blurb  gave  us  hope  that  we,  too,  could  win  a trip  into  space! 
I wanted  to  believe  them.  Now,  just  three  years  before  the  scheduled 
maiden  voyage,  we  find  that  T.C.  Swartz,  the  man  with  the  big  idea, 
has  temporarily  given  up  the  mission  and  sold  his  company,  Space 
Expeditions. 

You  can’t  be  down  on  the  guy  for  giving  it  a shot.  Maybe  he  blazed  a 
trail — there  are  a handful  of  others  still  trying  to  make  it  happen. 
Someone — maybe  even  Swartz  himself — will  get  it  done,  someday. 

If  it’s  premature  to  talk  about  a space  tourist  industry,  what  about 
NASA  reopening  its  “civilians  in  space”  program?  The  space  agency 
caught  a lot  of  flak  a few  years  ago  for  even  proposing  the  idea.  But 
many  others  thought  the  Spaceflight  Participant  Program  was — and 
still  is — a way  for  us  all  to  share  in  the  adventure  of  space  travel. 

What  6oyou  think?  We  decided  to  go  all  out  and  arrange  a phone-in 
poll.  Believe  me,  arranging  a 900  number  these  days  is  not  easy.  I 
guess  1-900-LUV  TALK  is  more  important  than  the  future  of  space 
exploration.  But  we  managed  it  anyway  (see  page  25). 

A friend  of  mine  says  that  if  you  really  want  to  create  support  for  the 
space  program,  you  have  to  give  ordinary  folks  a ray  of  hope  that 
they’ll  get  into  orbit  themselves.  To  me,  a teacher  and  a journalist  in 
space  are  good  places  to  start.  We  all  know  the  risks  involved.  Still,  I 
doubt  there’d  be  any  lack  of  willing  participants  for  the  program. 

I like  the  World  Space  Foundation’s  attitude.  They’re  selling  a T-shirt 
in  the  pages  of  this  magazine  that  screams,  “I  Want  To  Go!”  I think  I’ll 
get  one.  I want  to  go,  too. 

Let  us  know  how  you  feel  about  this  space  tourism  business.  If  we 
create  enough  demand,  somebody's  going  to  dream  up  a way  to  fill 
the  order. 
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HONORING  THE  20TH  ANNIVERSARY  OF  MAN’S  FIRST  WALK  ON  THE  MOON... 


The  Milestones  of  Space  Exploration 

$50  Silver  Proof  Coins 


It  seems  like  only  yesterday. 
Yet  twenty  eventful  years  have 
passed  since  America  realized 
a dream.. .the  landing  of  the 
first  man  on  the  moon. 

That  historic  moment  was  a milestone 
in  the  story  of  man’s  quest  of  the  cos- 
mos — a story  that  will  now  be  captured, 
during  the  anniversary  year  of  the  moon 
landing,  in  a historic  collection  of  pure 
silver  commemorative  coins  officially  au- 
thorized by  the  Republic  of  the  Marshall 
Islands. 

An  unprecedented  collectors’  opportunity,  these  coins  will  depict  twenty- 
four  exciting  moments  in  space  exploration.  Each  Proof  coin,  sculpted  in 
frosted  bas-relief  on  a flawlessly  polished  background,  will  contain  one  troy 
ounce  of  .999  pure  silver  and  be  virtually  the  same  size  as  a silver  dollar,  but 
even  thicker  — the  distinctive  “crown-size”  that  has  been  an  international  nu- 
mismatic standard  for  over  200  years. 

This  significant  collection  is  strictly  limited  to  25,000  complete  Proof  sets 
worldwide.  And  the  complete  collection  of  lustrous  silver  Proof  coins  can  be 
yours,  at  the  face  value  of  $50  per  coin,  until  the  limit  is  reached.  To  assure  fair 
distribution,  there  is  an  individual  limit  of  one  set  per  order. 

Your  first  coin  will  be  shipped  within  6-8  weeks  of  receiving  your  order. 
Thereafter,  you  will  receive  the  23  remaining  coins  at  the  convenient  rate  of 
one  per  month.  After  your  third  coin  is  shipped,  you  will  receive  — free  of 
additional  charge  — a deluxe  wooden  Presentation  Case  and  a Literature 
Album  to  house  interesting  historical  narratives  about  each  coin. 

Once  your  collection  is  complete,  you’ll  receive  a Certificate  of  Authenticity 
attesting  to  the  silver  content  and  the  collection’s  limited  edition  Proof  status. 

To  order  your  subscription,  phone  TOLL-FREE  1-800-443-3232.  Or  com- 
plete and  mail  the  coupon  below  to  Republic  of  the  Marshall  Islands  Coin  Ful- 
fillment Center,  One  Unicover  Center,  Cheyenne,  Wyoming  82008-1989. 


I 

| The  Milestones  of  Space  Exploration 

$50  Silver  Proof  Coins 

REPUBLIC  OF  THE  MARSHALL  ISLANDS 
COIN  FULFILLMENT  CENTER 

One  Unicover  Center,  Cheyenne,  Wyoming  82008-1989 

Please  accept  my  subscription  to  this  solid  silver  tribute 
to  man's  achievements  in  space  — an  exquisite  set  of  24 
commemorative  Proof  coins  authorized  by  the  Republic 
of  the  Marshall  Islands.  The  price  of  each  coin  is  $50,  the 
face  value. 

My  first  coin  will  be  shipped  within  6-8  weeks  after 
receipt  of  my  order.  A modest  fee  to  cover  shipping, 
handling,  and  insurance  will  be  added  to  each 
| shipment. 

□ Enclosed  is  payment  for  my  first  coin  — a $50  check 
or  money  order  made  payable  to  Coin  Fulfillment  Cen- 
ter. 1 will  be  billed  as  each  subsequent  coin  is  shipped. 

□ Please  charge  each  shipment  as  it  is  made  to  my 

□ MasterCard  □ VISA 

□ Diners  Club  □ American  Express 

Card  No. 

Expires 

Signature 

(AU  ORDERS  SUBJECT  TO  ACCEPTANCE  ) 

Mr./Mrs./Miss/Ms 

Address 

City 

State Zip 

| ORDER  TOLL-FREE  BY  PHONE  WITH  YOUR 

MAJOR  CREDIT  CARD  — 1-800-443-3232. 

When  calling,  please  mention  this  code:  47riy-1201 
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★ LIMITED  EDITION* 


1st  Manned  Lunar  Landing 
20th  Anniversary  Plate 

Proudly  display  this  artfully  etched 
moonscape  on  fine  glass.  This  beautiful 
commemorative  will  be  created  for  only  60 
production  days,  then  the  special  edition 
will  be  permanently  closed.  To  reserve 
your  plate,  order  before  September  30. 
Orders  after  that  date  will  be  subject  to 
limited  supply  availability. 

100%  Satisfaction  Guaranteed 
Send  check  or  money  order  to: 

Etch-N -Things  Dept.  MA,  P.0.  Box  268, 
Worthington,  Ohio  43085 


Also  available  at  Neil  Armstrong  Air  & 
Space  Museum,  Wapakoneta,  OH 


I would  like . 


_#  Commemorative 


Plates.  I have  enclosed  $32.50  for  each 

(postage  and  handling  will  be  paid  by  Etch-N-Things). 


Name  _ 
Address 
City 


Zip. 


FLY  A 


Fly  action-packed 
ZERO-G® 
sportswear 
featuring  the 
MMU  and  the 
Space  Shuttle. 

Inspired  by 
today's  high-tech 
computer 
graphics,  these 
compelling  designs 
bring  to  life  the 
power  and  grace 
of  each  spacecraft 
Our  Shirts  and  Sweats  are  not  only 
worn  by  the  pilots  of  these  dynamic 
spacecraft,  but  by  the  engineers  as  well! 
Great  for  any  aviation  enthusiast  I 

Call  or  write  for  FREE  full-color 
catalog  on  this  unique  line  of 
1QO%  GUARANTEED  Shirts 
and  Sweats. 

Call  TOLL-FREE! 
1-800-272-71 71 


AEROSPACE  SHIRTS 

BOX  8607,  DEPT.  FF, 
SCOTTSDALE,  AZ  85252 


[602]  966-7613 
International 


[602]  966-7364 
Arizona  Residents 


Volunteers  of  America 

After  reading  your  article  concern- 
ing the  fight  for  the  space  station  (“A 
Fight  For  Freedom,"  April  1989),  I am 
going  to  make  a serious  proposition  to 
Congress.  If  they  give  full  funding  to 
the  space  station,  I am  willing  to  spend 
one  year  in  space  (once  the  station  is 
built  and  operational)  to  help  NASA 
evaluate  the  medical  knowledge  it 
would  take  for  a future  manned  mission 
to  Mars. 

Jackie  Morris 
Alton,  Illinois 

Memories 

I have  just  finished  reading  the 
December  issue  of  your  magazine.  I 
thoroughly  enjoyed  the  interview  with 
Bill  Anders.  It  seemed  to  strike  a chord 
with  me,  too — I had  just  turned  10,  and 
was  living  in  Argentina  with  my  parents 
at  the  time.  The  local  press,  Time  mag- 
azine and  the  BBC  were  the  only 
sources  of  news  available.  And  now, 
after  20  years,  the  phrase  we  seemed 
to  utter  interminably  that  Christmas 
(“Don’t  you  wish  you  were  up  there 
now?")  as  we  gazed  at  the  Moon  came 
unbidden  to  my  mind.  For  the  first  time 
in  years  I searched  for  and  dusted  off 
those  old  and  yellow-edged  scrap- 
books that  I never  seemed  to  have  the 
heart  to  throw  out.  1968:  Apollo  8 — 
Time  magazine  “Man  of  the  Year.” 
Thankyou  for  reviving  those  memories. 

Rowland  Hilder 
Randwick,  Australia 

Strategy  for  Winning 

The  nation  that  wins  the  space  race 
will  be  the  one  that  lowers  the  cost  of 
getting  into  space  fastest.  This  should 
be  our  main  goal  in  space  today.  Our 


current  fly  -off-in  -every-direction  -at- 
once  policy  will  lead  to  defeat. 

The  high  cost  of  getting  into  space  is 
a problem  common  to  all  space  proj- 
ects, from  space  stations  to  Moon 
bases  to  economic  ventures.  Common 
sense  says  that  our  first  priority  should 
be  solving  the  common  problem. 

The  high  cost  of  getting  into  space 
makes  the  potential  of  space  seem 
very  distant.  For  the  public,  this  feeling 
of  distance  has  drained  the  excitement 
out  of  the  space  program  right  when 
foreign  competition  and  looming 
budget  battles  indicate  that  space 
needs  all  of  the  support  it  can  get. 

Back  when  money  grew  on  trees,  we 
lost  our  sense  of  priorities  and  started 
putting  our  Mars  missions  before  our 
liftoffs,  but  now  that  the  harvest  is  over 
and  winter  is  coming  on,  it  is  imperative 
that  we  get  our  priorities  in  logical 
sequence. 

President  Reagan  tried  to  reinvigo- 
rate the  space  program  by  setting  a 
goal,  like  the  pundits  said  we  needed. 
His  effort  failed  because  he  chose  the 
wrong  goal.  Our  main  goal  in  space  at 
this  time  should  be  to  bring  down  the 
cost.  It  is  the  only  strategy  that  will  win 
the  space  race. 

James  Fennell 
Ola,  Idaho 


FINAL  FRONTIER  welcomes  your  let- 
ters. Send  them  do  Letters  to  the 
Editor,  FINAL  FRONTIER,  PO.  Box 
11519,  Washington,  D.C.  20008.  Please 
type  your  correspondence  and  limit 
the  length  to  150  words. 
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TOM  R.  GARRETT 


the  job  or  start  a new  career  as  a robotics  and 
industrial  control  technician. 


The  powerful  XT-compatible  computer 
you  build  becomes  central  control  for  the 
robotic  systems  you  construct 


As  an  integral  part  of  your  NRI  hands-on 
training,  you  build  a fully  IBM  XT-com- 
patible  computer  from  the  keyboard  up. 

You  assemble  the  power  supply,  install  the 
5'A"  floppy  disk  drive,  and  attach  the  high- 
resolution  monitor.  Most  important  of  all,  by 
performing  meaningful  tests  and  demon- 
strations at  each  stage  of  assembly,  you 
come  to  a full  understanding  and  apprecia- 
tion of  the  microprocessor  technology  that 
makes  today's  robotics  applications  possible. 
But  that's  just  the  beginning. 

You  go  on  to  use  your  computer  to  pro- 
gram and  control  a diverse  array  of  robotic 
systems  you  create  with  NRI's  remarkable 
Robotic  Discovery  Kits. 


automation  systems,  programmed  by  you  to 
do  the  types  of  operations  and  tasks  per- 
formed in  today's  industrial  environments. 

Tasks  such  as  plotting  polar  coordinates  to 
create  graphic  displays  of  numeric  data  . . . 
sorting  different  size  objects  and  routing 
these  objects  to  separate  containers . . . even 
performing  a preprogrammed  sequence  of 
operations  again  and  again  just  as  robots 
now  do  on  manufacturing  lines. 

Nothing  is  left  out,  nothing  is  left  to  chance. 

You  get  everything  you  need— the  skills,  the  con- 
fidence, and  the  equipment— to  feel  completely 
at  home  with  today's  robotics  technology. 


Step  by  step,  you  get  the  training  you 
need  to  move  into  robotics  fast 


You  need  no  previous  experience  to  succeed 
with  NRI  training,  because  NRI  takes  you  from 
electronics  basics  all  the  way  up  to  the  state  of 
the  art  in  robotics  technology.  You  train  from 
the  ground  up . . . first  gaining  a working 


Get  training  you  can  build  a career 
on— send  for  your  FREE  catalog  today! 


Two  tasks 
li»qu«ntty  f»r- 
formod  by  robots  sra 
measuring  and  sorting,  be  it  sorting  oggs  or  eliminating  scrap 
Irom  a production  Une.  You  build  this  sorting  ty-Jtem,  (hen 
program  It  to  accept  short  and  long  blocks,  measure  these 
blocks,  and  move  them  to  the  coned  storage  bins. 


mosi  oomptex  roooi 

u construct  Once  you 


put  the  robot  through  a sequence  ol  operations,  tt  w 
‘ these  steps  and perform  them  whenever  asked. 


See  for  yourself  how  NRI’s  breakthrough  train- 
ing can  put  you  at  the  heart  of  the  robotics 
revolution.  Send  today  for  NRI's  big,  100-page, 
full-color  catalog  that  gives  you  all  the  details 
about  NRI’s  exciting  new  training  in  Robotics 
Technology,  phis  training  in  computer  elec- 
tronics, TV/video/audio  servicing,  electronic 
music  technology,  security  electronics,  and 
other  growing  high-tech  career  fields. 

If  the  coupon  is  missing,  write  to:  NRI  School 
of  Electronics,  McGraw-Hill  Continuing  Edu- 
cation Center,  4401  Connecticut  Avenue 
Washington,  D.C.  20008 


McCraw  Hlil  Continuing  ^duration  Comer 
4401  Connecticut  Avenue 
Washington.  D.C.  20008 


^ Check  one  catalog  only 

□ Robotics  Technology 

□ Computers  and 
Microprocessors 

G Security  Electronics 

□ Electronic  Music 

□ Digital  Electronics 
Servicing 

Name 


For  career  courses 
approved  under  Gl  Bill 
□ check  for  details 


G TV/ Video/ Audio  Servicing 

□ Radio  Communications 

□ Cellular  Telephone 

□ Data  Communications 

□ Basic  Electronics 


Address 
Gty 


. State  _ 


Zip- 


| Accredited  by  the  National  Home  Study  Council  138-059  j 


NOW!  Training  includes  XT<ompatible  computer, 
plus  NRIs  remarkable  Robotic  Discovery  Kits! 


Get  training  for  industry’s 
hottest  new  jobs  as  you 
build  and  program  complete 
robotic  control  systems 

Now  you  can  get  the  skills  in  demand  for  the  new  jobs  in  industry 
today.  With  NRI’s  new  at-home  training  in  Robotics  Technology,  you 
actually  build  a fully  IBM  XT-compatible  computer,  then  use  it  to 
program  and  control  working  robotic  systems . . . each  one 
engineered  to  recreate  the  exact  operations  performed  by  the  robotic 
equipment  found  in  today’s  industrial  workplace. 


ledge  of 

electronic  circuits  and  components  as  you 
experiment  with  your  NRI  Discovery  Lab® 
and  professional  digital  multimeter. 

Rapidly,  theory  becomes  understanding  as 
you  move  on  to  digital  logic,  computer  fun- 
damentals, right  up  to  writing  practical  pro- 
grams to  control  specific  robotic  operations 
using  NRI's  Robotic  Programming  Language 
software  included  in  your  course. 

Your  success  is  assured  by  your  personal  NRI 
instructor,  whose  expertise  and  personal 
guidance  are  always  available  to  you  whenever 
you  need  a helping  hand  along  the  way. 


It’s  no  secret.  Industry  is  being  transformed 
by  technology— with  everything  from 
precision  electronic  instruments  to  giant 
locomotives  now  being  produced  with  the 
help  of  advanced  robotic  systems.  And  with 
automation  have  come  jobs . . . thousands  of 
jobs  building,  programming,  and  servicing 
the  robotic  systems  in  use  today. 

Now,  unlike  any  other  school,  NRI  offers 
you  training  that  prepares  you  to  take 
advantage  of  these  new  opportunities  . . . 
training  that  gives  you  the  practical  know- 
how and  the  hands-on  skills  to  advance  on 


Robotics  comes  to  life  as  you 
see  real-world  industrial  control 
principles  in  action 

Your  NRI  Robotic  Discovery  Kits  come 
complete  with  everything  you  need  to 
create  working,  moving  robotic  systems. 

You  get  structural  members,  motors,  gear 
drives,  sensors,  scanners,  potentiometers, 
plus  a special  Robotics  Interface  that  links 
the  robots  you  build  to  your  computer. 

Together,  your  computer  and  the  robotic 
devices  you  construct  become  fully  integrated 


The  Observatory 


The  Vision  Thing 


What  we  need  is  a vision." 

Throughout  the  space  com- 
munity, you  hear  it  said  all  the  time.  The 
idea  is  that  a vision  would  drive  the 
programs. 

But  what  kind  of  vision  are  we  talking 
about?  Some  define  their  idea  of  vision 
as  a human  mission  to  Mars.  For  others 
it’s  a lunar  base.  Still  others  point  to  the 
space  station  as  a visionary  concept. 
Unfortunately  these  are  not  visions. 
They  are  projects.  A vision  must  be 
much  more  than  a project,  even  a big 
project. 

"I  believe  we  should  go  to  the  Moon,” 
President  Kennedy  told  Congress  in 
1961.  His  vision,  however,  was  much  lar- 
ger, something  called  the  New  Frontier, 
which  was  a different  way  of  thinking 
about  our  future.  The  Apollo  program, 
which  took  us  to  the  Moon,  was  but  one 
part  of  a broader  concept  of  national 
destiny  and  interest. 

Today,  before  we  conduct  great  new 
projects  like  traveling  to  Mars  or  col- 
onizing the  Moon,  we  must  think  on  a 
visionary  level.  We  need  a dream  that 
inspires.  President  Bush,  in  his  Febru- 
ary budget  speech  to  Congress, 
called  space  “our  destiny.”  That’s  a 
start.  But  what  is  really  required  is  to 
begin  to  see  space  as  an  extension  of 
our  national  interest,  a place  where 
humankind  will  live,  work,  colonize  and 
explore,  and  where  our  technology  can 


We  don’t  ask  enough  of  ourselves. 

▼ ▼ T 

By  Congressman  Robert  S.  Walker 

extend  our  thinking  to  the  farthest 
reaches  of  the  universe. 

Following  vision  must  be  real  com- 
mitment. It  is  the  commitment  that  is 
lacking  in  our  political  institutions.  In 
the  1960s  we  were  willing  to  commit  3.6 
percent  of  the  federal  budget  to  civilian 
space  activities.  That’s  the  equivalent 
of  spending  $40  billion  a year  today. 
For  Fiscal  Year  1990,  however,  the  NASA 
request  is  $13.3  billion.  Yet  even  so- 
called  visionary  proponents  of  the 
space  program  are  unwilling  to  come 
before  Congress  and  argue  for  much 
more  than  an  incremental  change  in 
the  NASA  budget. 

“We  can’t  afford  it,  with  deficits  and 
all,”  they  argue.  This  is  nonsense.  If  we 
had  the  political  will  to  invest  in  the 
future  rather  than  subsidizing  the  past, 
as  in  Amtrak  spending,  we  could  begin 
to  find  the  resources  we  need.  Like- 
wise, if  we  had  the  courage  to  address 
big  issues  like  monetary  reform,  we 
could  save  billions  of  dollars  in  federal 
interest  costs,  money  which  could  then 
be  invested  in  looking  forward. 

Moreover,  we  can  afford  an  invest- 
ment in  our  space  future  because  the 


payback  will  more  than  finance  what 
the  program  costs  today.  Investing  $40 
billion  a year  at  the  beginning  of  the 
1990s  can  be  calculated  to  return  $68.4 
billion  per  year  to  the  Federal  treasury 
by  the  end  of  the  decade — a business 
deal  that  any  entrepreneur  would  wel- 
come. And  think  what  that  level  of 
growth  could  do  to  help  solve  the  defi- 
cit problem. 

A commitment  to  investing  at  least 
as  much  in  our  space  future  as  the 
nation  was  willing  to  commit  in  the  mid- 
1960s  is  a necessary  component  of  any 
visionary  strategy.  That  level  of  spend- 
ing would  assure  that  before  the  turn  of 
the  century  this  nation  would  be  doing 
dozens  of  new  science  projects  in 
deep  space:  would  occupy  a perma- 
nently manned  space  station,  would  be 
flying  the  National  Aerospace  Place, 
would  have  available  a heavy  lift 
launch  vehicle,  would  have  humans 
back  on  the  Moon,  and  would  be  well 
on  our  way  toward  a manned  expedi- 
tion to  Mars.  At  that  point,  few  would  be 
talking  about  a lack  of  vision. 

Real  vision  calls  for  real  risk, 
because  the  challenges  are  real.  Vision 
challenges  our  courage,  our  comfort, 
our  spirit  and,  yes,  our  financial  where- 
withal. But  if  we  are  not  willing  to 
commit  ourselves  completely  to  our 
dreams,  they  are  not  likely  to  happen. 
Such  commitment  does  not  grow  from 
small  incremental  changes  in  the 
status  quo.  It  demands  great  leaps  of 
faith.  In  space  today,  it  demands  doing 
at  least  as  much  as  this  nation  was  will- 
ing to  do  25  years  ago. 

In  space,  the  “vision  thing"  demands 
visionaries  willing  to  take  some  risks, 
because  they  can  see  what  the  future 
holds. 


Robert  S.  Walker  is  a Republican  Con- 
gressman from  Pennsylvania,  and  Vice 
Chairman  of  the  House  Science, 
Space  and  Technology  Committee. 
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Imagine  your  child  immersed  in  the  exciting 
technology  of  aerospace  science.  Soaring 
high  above  the  Earth  in  an  aircraft.  Build- 
ing and  launching  rockets.  At  the  controls  f 
of  a Gemini  spacecraft  or  a Boeing-  / 
designed  NASA  space  station.  Or  exe-  f < 
cuting  a daring  space  mission  simu-  j 
lation... suited  up  for  spaceflight.  f iear 

Imagine  him  or  her  challenged 
by  five  days  of  thrilling,  £ 

hands-on  experience  in  an  / YourName: 

astronaut  training  pro-  / 

gram  modeled  after  child's  Name: — 

NASA's.  This  is  the  Pacific  / Mailing  Address 

Rim  Spaceflight  / 

Academy  for  / city/state/zip: 


/\ 


youngsters  9 through  15,  offered  by  the 
Oregon  Museum  of  Science  and  Industry 
(OMSI)  in  Portland,  Oregon. 

\ For  details,  call,  write,  or  fill  out  and  mail 
% this  coupon  today.  Propel  your  child's 


4015  Southwest  Canyon  Road  Portland,  OR  97221  (503)  222-2828 


OREGON  MUSEUM  OF  SCIENCE  AND  INDUSTRY 
4015  Southwest  Canyon  Road 
t Portland,  OR  97221 
\ (503)  222-2828 

% 

^ Pacific  Rim  Spaceflight  Academy 

^ is  a Challenger  Center  partici- 

* pant  and  is  sponsored  in  part 

by  a grant  from  Teledyne 

Wah  Chang  Albany. 


ROCK-IT  MEN 


Notes  From 

Earth 


o what’s  the  big  deal,  the 
blushing  bass  guitarist  wants 
to  know?  They’re  “just  five  guys  who 
can  play  instruments.” 

They  are  “Max  Q."  The  five  guys  just 
happen  to  be  NASA  astronauts.  And 
the  bass  player,  George  “Pinky”  Nel- 
son, is  a spacewalking  veteran  of  three 
shuttle  flights  whose  discomfort  with 
star  status  is  obvious. 

Max  Q plays  easy  rock  'n'  roll — 
“Whatever’s  easy  enough  for  us  to 
play,”  confesses  the  ever-modest  mis- 
sion specialist,  who  was  on  the  crew 
that  returned  the  space  shuttle  to  flight 
last  September.  Growing  up  in  south- 
west Minnesota,  Nelson  played  guitar 
in  a rock  band  called  “The  Gnomes," 
played  cello  in  the  high  school 
orchestra  and  sang  in  the  chorus. 

Robert  “Hoot”  Gibson,  who  com- 
manded Atlantis'  flight  last  December, 
is  Max  Q’s  lead  guitarist;  another  shut- 
tle captain,  Brewster  Shaw,  plays 
rhythm  guitar.  Steve  Hawley,  sched- 


Telescope  late  this  year,  handles 
keyboards.  Rookie  Jim  Wetherbee, 
assigned  to  a mission  aboard  Colum- 
bia in  November,  rounds  out  Max  Q on 
drums. 

The  band  takes  its  name  from  the 
point  during  the  shuttle’s  ascent,  about 
a minute  after  liftoff,  when  aerody- 
namic pressure  is  at  its  peak.  Nelson 
admits  that  the  combo’s  occasional 
weekend  jam  sessions  in  the  garage 
exert  a little  aerodynamic  pressure  of 
their  own  (“It  gets  a little  noisy,”  he 
says),  but  the  band’s  praises  are  sung 
far  and  wide.  It's  not  unusual  to  see  Max 
Q in  the  spotlight  at  Pe-Te’s,  a Cajun 
barbecue  joint  near  Houston. 

“It’s  fun;  it’s  a good  way  to  pass  the 
time,”  says  Nelson.  “Brewster  claims 
it’s  how  he’s  working  through  his  midlife 
crisis.” 

Despite  their  popularity,  at  least 
some  people  aren't  rushing  to  hear 
Max  Q in  concert:  “I  keep  trying  to  talk 
my  daughters  into  inviting  us  to  their 
school  to  play  a dance,”  Nelson 
admits.  “I  haven’t  succeeded  yet.” 


“VISTA”  VISION 

orget  those  dramatic  tongues 
of  flame  spewing  from  rock- 
ets. Instead,  American  astronauts  may 
travel  to  Mars  on  a trail  of  tiny  ther- 
monuclear bursts. 

Researchers  from  NASA  and  the 
Lawrence  Livermore  National  Labora- 
tory in  California,  one  of  the  nation’s 
centers  for  designing  nuclear  wea- 
pons, are  advocating  a spacecraft 


uled  to  fly  with  the  Hubble  Space 

Max  Q’s  high  five:  Brewster,  Pinky,  Hoot, 
Jim  and  Steve. 


— Beth  Dickey 


which  would  do  just  that.  Their 
VISTA—  "Vehicle  for  Inter- 
planetary Space  Transport 
Applications” — would  be  able 
to  fly  to  Mars  and  back  within 
100  days,  eliminating  most  of 
the  hazards  that  longer  space 
flights  pose  to  astronauts. 

VISTA  would  begin  its  trip  in 
Earth  orbit,  ejecting  hydrogen 
pellets  weighing  1.75  ounces 
from  its  funnel-shaped  rear. 
Powerful  onboard  lasers  would 
zap  each  pellet,  causing  it  to 
explode  in  a thermonuclear 
"microexplosion,''  which  would 
nudge  the  spacecraft  forward. 

With  30  such  blasts  each  sec- 
ond, VISTA  would  experience  a 
gentle,  steady  acceleration, 
smoother  than  a typical  jetliner 
takeoff.  Because  fusion  pro- 
duces much  more  thrust  than 
the  burning  of  chemical  pro- 
pellants, VISTA  could  carry 
enough  fuel  to  reach  a speed  of  40 
kilometers  per  second.  The  astronauts 
then  would  shut  down  the  engines  and 
coast  the  rest  of  the  way  to  Mars. 

The  working  design  for  VISTA  gives 
the  crew  spacious  living  areas  on  the 
bow  of  the  80-meter  diameter  cone — 
the  large  end  of  the  funnel — sur- 
rounded by  hydrogen  tanks  to  shield 
them  from  space  radiation.  VISTA  also 
would  accommodate  some  type  of 
landing  craft  to  ferry  the  explorers  from 
Martian  orbit  to  the  planet’s  surface. 
Current  thinking  calls  for  VISTA  to  spin, 
creating  an  artificial  gravity  environ- 
ment. “It  would  be  rather  exhilarating, 
riding  and  viewing  the  brilliant  objects 
of  space  from  that  vantage  point,"  says 
physicist  Charles  D.  Orth,  head  of  the 
VISTA  project  at  Livermore  labs. 

There’s  one  hitch:  VISTA  couldn't  be 
built  with  today’s  technology.  Rather, 
the  design  team  intentionally  tried  to 
fashion  a craft  for  the  year  2020,  when 
laser-fusion  should  be  a much  more 
mature  technology  than  it  is  today.  The 
confident  designers  will  submit  a final 
report  to  NASA  this  summer.  ’’There's 
no  question  that  this  is  the  best  way  to 
go,”  Orth  says.  — Vincent  Kiernan 


STILL  LISTENING  AFTER 
ALL  THESE  YEARS 

or  decades,  Robert  Dixon  has 
been  taking  humanity's  eter- 
nal quest  to  hear  what  the  neighbors 
are  saying  one  step  further.  He  uses 
Ohio  State  University's  "Big  Ear"  radio 
telescope  near  Delaware,  Ohio  to  learn 
if  we  even  have  neighbors. 

On  line  since  the  1950s,  Big  Ear 
turned  to  the  search  for  extraterrestrial 
intelligence  (SETI)  in  1963,  making 
OSU's  program  the  world's  longest- 
running  search  for  alien  messages. 
Originally,  Big  Ear  concentrated  on  nat- 
ural radio  signals  and,  Dixon  boasts, 
the  observatory  built  one  of  the  world’s 
largest  catalogs  of  radio  sources. 

When  federal  budget  cuts  in  the 
early  1970’s  curtailed  that  research, 
Dixon  and  John  Kraus,  OSU  professor 
emeritus  and  founder  of  the  Big  Ear, 
decided  in  1973  that  they  would  con- 
tinue the  SETI  program  on  their  own, 
and  would  make  that  the  primary  goal 
of  the  telescope.  For  sixteen  years,  the 
effort  has  depended  on  private  dona- 
tions, long  hours  of  work  put  in  by  a 
volunteer  staff  and,  more  recently,  a 


The  VISTA  spacecraft  (opposite) 
may  ride  mini-nukes  to  Mars.  Ohio 
State  University  uses  its  “Big  Ear” 
(left)  in  the  world’s 
longest-running  SETI  program. 

$15,000  grant  from  NASA. 

Dixon  concedes  that  finding 
signals  from  a celestial  civiliza- 
tion is  a “terribly  difficult  prob- 
lem, one  that  will  not  be  easily 
solved  unless  we’re  terribly 
lucky."  Even  after  more  than  a 
quarter-century,  he  says  that 
the  Big  Ear  group  has  "not  even 
scratched  the  surface.” 

Dixon  admits  that  Big  Ear  has 
never  received  a verifiable 
message  from  an  extraterres- 
t rial  source.  But  in  the  late  1970s 
the  observatory  recorded  a still 
unexplained  "WOW”  signal — 
| so  named  when  a volunteer 
5 scribbled  “WOW”  in  a com- 
puter printout  margin.  Dixon 
says  the  signal,  never  heard  again, 
might  have  been  an  illegal  satellite 
broadcast  on  a reserved  frequency 
...or  just  may  have  been  a signal  from 
“out  there.” 

Big  Ear  listens  to  the  heavens  24 
hours  per  day.  As  a means  of  weeding 
out  unwanted  signals,  the  team  uses  a 
radio  frequency  interference  dish  to 
catalog  spurious  radio  pollution  from 
man-made  sources.  With  these  signals 
pinpointed,  computer  controls  avoid 
many  false  alarms. 

Until  recently,  the  radio  telescope 
simply  scanned  frequencies  as  the 
telescope  swept  across  the  sky  with 
Earth’s  rotation.  This  year,  Dixon  antici- 
pates that  a new  software  program, 
which  automatically  “zooms”  in  the 
computer-guided  telescope  on  pro- 
mising signals,  will  be  available. 

Suppose  Dixon  actually  receives  a 
message  from  millions  of  light-years 
away.  Could  we  learn  from  a civilization 
that  might  now  be  extinct?  Dixon  thinks 
so: 

“When  you  read  an  old  book,  it 
doesn’t  matter  that  the  author  has  died 
or  even  that  his  entire  culture  no  longer 
exists."  — Bob  D.  Gibson 
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DR.  ZOOK’S  ASTEROID 
DETECTOR 

Sometimes  the  sky  seems  pos- 
itively full  of  junk.  Even  without 
the  man-made  clutter  in  Earth  orbit, 
there  are  about  10,000  asteroids  larger 
than  one  kilometer  in  diameter  wander- 
ing around  the  Solar  System.  And,  as 
for  the  smaller  stuff. ..just  look  up  on 
any  clear  night.  You  won’t  have  to  wait 
long  for  a meteor. 

You  might  think  this  space  debris 
would  be  pretty  easy  to  spot,  but  in 
fact,  most  asteroids  are  found  by  acci- 
dent; all  of  them  put  together  wouldn’t 
make  a body  the  size  of  the  Moon.  And 
they're  lost  in  a space  large  enough  to 
swallow  a million  Jupiters. 

Now  a team  of  researchers  led  by 
H.A.  Zook  of  NASA's  Johnson  Space 
Center  in  Houston  has  come  up  with  a 
solution  to  the  problem:  a “video 
motion  detector."  Zook’s  concept  will 
couple  electronic  imaging  devices 
with  a large,  wide-field  telescope, 
enabling  him  to  see  everything  down  to 


23rd  magnitude  across  a big  chunk  of 
sky,  all  at  once.  He  then  will  use  a pow- 
erful computer  to  process  out  the  sta- 
tionary background  of  stars,  leaving 
behind  the  “moving  junk"  (including 
asteroids,  meteors  and  comets). 

A “low-tech”  test  substituting  the 
eyeballs  of  a group  of  researchers  for 
the  computer  already  has  successfully 
proved  the  concept.  Zook  expects  that 
his  system  will  be  able  to  detect 
objects  as  small  as  one  meter  within 
the  orbit  of  the  Moon,  and  as  small  as 
100  meters  halfway  out  to  the  Sun. 

Zook’s  effort  is  more  than  pure 
science.  Some  of  the  “near-Earth” 
asteroids  are  closer  to  us  (in  terms  of 
the  fuel  required  to  reach  them)  than 
the  Moon,  and  they  likely  will  be  a prime 
source  of  raw  material  for  future  space 
industrialization.  Zook's  detector  may 
give  us  a clear  idea  of  how  many  of 
these  bodies  there  are,  and  precisely 
where  they  are. 

Easy  as  1-2-3:  Cornell  supercomputers 
produce  a SPIF-fy  enhanced  image  of 
Venus’  cloud  patterns. 


And,  if  another  object  like  the  one 
that  devastated  the  Tunguska  region  of 
Siberia  in  1908  comes  wandering  by, 
Zook’s  machine  may  spot  it  in  time  for 
us  to  do  something  beside  scream  and 
run  for  cover.  — William  Barton 

and  Michael  Capobianco 

IMAGE  IS  EVERYTHING 

nake  a typical  photograph  of 
one  of  your  favorite  planets  or 
satellites.  Then  let  SPIE  the  Spacecraft 
and  Planetary  Imaging  Facility  at  Cor- 
nell University,  start  the  process  that 
will  turn  the  image  into  a work  of  art. 

SPIF  is  one  of  a few  centers  that 
house  the  thousands  of  images 
returned  by  U.S.  planetary  spacecraft. 
Much  of  the  imagery  is  stored  as  digi- 
tally encoded  data;  for  example,  the 
Voyager  2 spacecraft  sends  back 
640,000  “picture  elements”  per 
photo — each  with  a certain  digital 
code  and  representing  over  200  levels 
of  brightness.  By  performing  various 
arithmetic  operations  on  each  of  these 
dots  within  the  image,  SPIF  scientists 


TOM  R GARRETT 


are  able  to  improve  the  picture,  a proc- 
ess called  “image  enhancement.” 

"The  images  [of  the  planets  and 
satellites]  that  are  taken  by  television 
cameras  can  see  more  grey  levels  than 
the  human  eye,”  explains  Peter 
Thomas,  a research  scientist  at  SPIF 
“What  you  have  to  do  is  play  with  a 
picture,  such  as  changing  the  contrast, 
for  the  human  eye  to  pick  out  the 
details." 

Thomas  explains  that  SPIF  deals  with 
two  steps:  basic  image  processing 
and  re-projecting  the  image  into 
detailed  maps.  From  SPIE  the  repro- 
ductions often  are  used  by  places  like 
NASA’s  Jet  Propulsion  Laboratory  and 
the  United  States  Geological  Survey  to 
create  artificial  scenes  of  planetary 
bodies.  A movie  depicting  a simulated 
tour  of  Mars  recently  was  produced 
using  enhanced  spacecraft  pictures, 
with  supercomputers  storing  mil- 
lions of  image  data  points  for  such 
variables  as  topography,  sun 
angle  and  planetary  brightness 
and  color. 

Two  scientists  from  the  Soviet 
Union  recently  visited  Cornell 
to  improve  their  computer  gra- 
phics of  the  Martian  satellite 
Phobos.  Seeing  the  tiny  moon 
in  such  heightened  detail  was 
almost  like  being  there — 
something  the  Soviets  are  only 
now  doing  with  their  unmanned 
spacecraft,  Fobos  2. 

—Patricia  Barnes-Svarney 

NO  MORE  SHUTTLE 
SHUFFLE? 

ndy  Warhol  talked  about 
every  person  having  15  min- 
utes of  fame,  and  I think  I’ve  had  more 
than  my  share,”  observes  Mike  Cahill. 
A writer/producer  for  Houston  radio 
station  KKBQ,  Cahill  captured  na- 
tional attention  last  fall  by  producing 
the  wacky  songs  that  awakened 
astronauts  on  two  shuttle  missions. 

During  their  first  day  in  orbit  last  Sep- 
tember, Discovery’s  Mission  26  crew 
members  were  jolted  from  their  sleep 
restraints  by  a recording  of  comedian 
Robin  Williams  reprising  a line  from  his 
hit  movie,  Good  Morning,  Vietnam. 

“Goooooood  morning,  Discovery,” 
Williams  belted  out.  “Rise  and  shine 
boys,  time  to  start  doing  that  shuttle 
shuffle.” 


On  following  days  the  astronauts 
were  serenaded  with  Cahill’s  parody  of 
the  Green  Acres  TV  show  theme,  and 
customized  versions  of  the  Beach 
Boys’  tunes,  “Fun,  Fun,  Fun"  and  “I  Get 
Around.” 

Cahill  wrote  three  more  wakeup  calls 
for  the  secret  military  flight  of  Atlantis  in 
December.  The  lyrics  of  “Countdown,” 
performed  to  the  American  Bandstand 
theme,  were  made  public.  But  the  other 
two  songs  were  “classified"  by  the 
Pentagon,  reportedly  because  they 
poke  fun  at  secret  missions  and  the 
astronauts. 

After  the  December  flight,  NASA 
considered  going  back  to  feeding  its 
shuttle  crews  a more  conventional 


canned  reveille.  Supposedly,  the 
space  agency  was  buried  by  an  ava- 
lanche of  mail  from  people  who  wanted 
their  own  songs  beamed  up  to  the 
astronauts.  But  insiders  say  the  unsol- 
icited submissions  weren't  the  real 
concern — rumor  had  it  that  some 
NASA  officials  still  were  upset  about 
television  news  clips  that  highlighted 
the  Discovery  astronauts  clowning 
around  in  space.  Also,  the  Defense 
Department  was  steamed  that  some- 
one had  leaked  Cahill’s  secret  song 
lyrics  (a  parody  of  the  Beatles'  “Do  You 
Want  to  Know  a Secret?”)  to  the  media 
during  Atlantis’  mission. 

Jeff  Carr,  a spokesman  for  NASA  Mis- 
sion Control,  explains  that  NASA  “will 
always  do  wakeup  calls,"  but  will  avoid 
“elaborate  productions.  They  are  not 
intended  to  entertain  anybody.” 


That’s  news  to  astronaut  “Pinky”  Nel- 
son, who  says  that  Cahill’s  recordings 
for  his  Discovery  flight  “were  the  best 
wakeup  calls  I've  ever  heard.  They  sure 
made  it  a lot  of  fun  to  wake  up.” 

— Beth  Dickey 

TIME  IN  A BOTTLE 

f you  were  a latter-day  Noah, 
with  limited  space  on  an  inter- 
stellar ark,  what  would  you  put  aboard? 
If  you  could  stuff  a message  into  a 
“bottle"  bound  for  the  stars,  what  would 
you  say? 

By  the  year  2000,  the  World  Timecap- 
sule  Fund  hopes  to  have  thousands  of 
answers  to  such  questions  from 
around  the  world.  The  non-profit  organ- 
ization in  Minneapolis  plans  to  create  a 
digitally  recorded  timecapsule  that  not 
only  will  be  displayed  (and  buried)  on 
Earth,  but  launched  into  space. 

The  mission  is  designed  to 
inspire  educational  and  cultural 
institutions  to  explore  and  com- 
ment on  “the  meaning  of  our 
existence,"  and  “involve  the 
entire  world  in  forming  its 
unique  story  about  the  human 
race,”  says  the  Fund’s  literature. 
In  the  depths  of  interstellar 
space,  the  capsule  will  endure 
for  millennia,  until  it’s  discovered 
by  some  alien  civilization,  or  re- 
discovered by  spacefaring  humans. 
Charles  S.  Smith,  founder  and  pres- 
ident of  the  Fund,  says  the  intent  of  the 
timecapsule  project  is  similar  to  that  of 
the  records  mounted  on  the  Voyager  1 
and  2 interplanetary  spacecraft.  Smith 
notes,  however,  that  the  timecapsule 
effort  is  “on  a much  larger  scale,” 
designed  to  preserve  “virtually 
forever”  a vast  cross-section  of  human- 
ity's history,  science,  religion  and  art. 

A test  program  was  conducted  at  a 
Minnesota  high  school  in  January,  and 
Smith  envisions  educational  systems 
as  the  primary  conduit — at  least  ini- 
tially. After  a semester-long  survey  of 
human  culture,  students  will  write  an 
essay  about  the  one  thing  they  con- 
sider most  worthy  of  preservation. 
Such  responses  will  form  the  core  of 
the  record. 

By  1990,  Smith  aims  to  have  timecap- 
sule curricula  in  use  throughout  Min- 
nesota, and  by  1992,  nationwide.  Then 
it's  a seven-year  push  to  hear  from  the 
rest  of  the  world.  — Peter  M.  Leschak 


FINAL  FRONTIER  13 


Columbus  Pays 


ity  the  poor  space  program.  It 
goes  begging  for  funding, 
suffers  catastrophic  equipment  fail- 
ures and  annoying  delays,  and  doesn’t 
always  get  the  greatest  press.  All  to  dis- 
cover and  explore  new  worlds. 

Pity  poor  Christopher  Columbus.  He 
begs  his  way  around  Europe  before 
Spain  sets  him  up  with  the  Nina,  Pinta 
and  Santa  Maria.  He  sails  off  in  the  best 
that  15th-century  technology  has  to 
offer,  but  smithereens  his  flagship  on  a 
reef.  His  startup  settlers  are  all  mur- 
dered, and  mutiny  and  intrigue  strip 
him  of  his  title  and  send  him  back  from 
his  third  voyage  in  chains.  He  dies  pen- 
niless after  a fourth  fruitless  trip.  All  to 
discover  and  explore  a New  World. 

Though  he  probably  considered 
himself  a failure,  modern  society  has 
crowned  Genoa’s  favorite  son  a hero. 
Christopher  Columbus  goes  down  in 
the  books  as  the  one  who  began  it  all, 
the  drive  to  explore  the  great  unknown 
out  past  the  blue  horizon. 

Now  they're  getting  ready  to  throw  a 
party  for  the  Admiral.  1992  has  been 
named  International  Space  Year  (ISY) 
in  honor  of  the  Columbus  Quincenten- 
nial,  which  also  happens  to  coincide 
with  the  75th  anniversary  of  the  Bol- 
shevik revolution  and  the  35th 
anniversary  of  the  first  International 
Geophysical  Year  that  kicked  off  the 
Space  Age.  The  United  States  ISY 
association  is  looking  for  help  from  a 
few  thousand  points  of  light  to  make 
this  a real  blow-out  celebration. 

US-ISY  hopes  to  see  many  and 
varied  space  groups  sponsor  the  do- 
mestic festivities  during  the  two-  to 
three-year  celebration.  So  far,  quite  a 
few  have  shown  interest.  The  National 
Space  Club  and  the  American  Institute 
of  Aeronautics  and  Astronautics  both 
have  indicated  their  interest  in  taking 
part.  The  World  Space  Foundation 
hopes  to  get  its  solar  sail  in  flight  by  ’92, 
and  the  Radio  Amateur  Satellite  people 
would  like  to  boost  another  home-built 
instrument,  or  put  what  they've  already 
launched  to  some  special  use. 

The  Planetary  Society  is  in  high  gear 
with  a $100,000  essay  competition, 
which  will  bring  twenty  winning  stu- 


A world  wide  celebrat  ion  of 
new  worlds 

▼ ▼ T 

By  Maura  J.  Mackowski 

dents  from  around  the  world  to  the 
United  States.  And  Columbus,  Ohio 
already  has  staffed  a 1992  Commission 
with  the  goal  of  “hooking  the  program 
to  education  and  the  future.” 

The  idea  for  a global  space  celebra- 
tion was  introduced  by  Senator  Spark 
Matsunaga,  a Democrat  from  Hawaii, 
and  endorsed  in  1986  by  former  Pres- 
ident Reagan.  Ralph  Brescia  of  NASA's 
international  affairs  office  is  coordinat- 
ing the  space  agency's  ISY  efforts, 
while  Harvey  Meyerson,  a former  aide 
to  Matsunaga,  heads  the  US-ISY  Asso- 
ciation, a NASA  subcontractor. 

NASA  was  asked  to  lead  an  inter- 
agency effort,  domestically  and  inter- 
nationally, to  organize  the  event. 
"Unlike  1957”  says  Brescia,  “we  have  a 
number  of  space  agencies  that  didn't 
exist  then  in  other  countries.  We  now 
have  an  opportunity  to  bring  them 
together.” 

Particular  emphasis  will  be  given  to 
projects  that  unite  the  globe  and  share 
the  largesse  of  the  space  nations  with 
their  less  developed  neighbors.  Per- 
haps the  biggest  ISY  project,  Brescia 


says,  is  Mission  to  Planet  Earth.  "We're 
trying  to  study  Earth  as  a planet,  a sys- 
tem,” he  explains.  “This  approach 
allows  the  space-flying  nations  to  par- 
ticipate because  of  their  remote  sens- 
ing capabilities.  It  also  allows  us  to 
involve  the  developing  countries  using 
their  [ground-based]  data.” 

When  NASA  asked  other  space 
agencies  for  their  participation  and 
ideas,  the  result  was  SAFISY  the 
Space  Agency  Forum  on  International 
Space  Year,  which  in  turn  sets  up  a 
panel  of  experts  to  implement  various 
programs. 

For  example,  an  Earth  sciences  sub- 
committee hosted  by  the  British  is 
working  on  several  ideas,  including  a 
project  to  study  deforestation,  an 
“Encyclopedia  of  the  Earth”  that  Bres- 
cia says  would  “bring  knowledge  of 
climate  and  geography  about  any 
point  on  Earth  to  the  PC  level  for  any 
student,”  and  a remote  sensing  atlas  of 
the  world,  which  would  be  particularly 
useful  for  developing  nations. 

The  French  are  spearheading  an 
education  and  applications  subcom- 
mittee to  educate  the  general  public 
and  developing  countries  in  space 
technology.  “The  whole  idea  is  to  open 
it  up  to  people  who  may  not  see  them- 
selves working  in  space,”  says  Brescia. 

In  the  United  States,  NASA  is  working 
with  other  government  agencies  and 
the  Smithsonian  Institution.  “We're 
planning  the  first  international  showing 
of  IMAX  films  [shot  in  space],  hoping  to 
encourage  ISY  activities,”  says  Meyer- 
son. Meanwhile,  WQED  in  Pittsburgh, 
the  station  that  produced  the  Planet 
Earth  television  series,  is  creating  a 
documentary  on  the  ISY  project.  US- 
ISY  hopes  to  translate  the  program  into 
several  languages  for  use  around  the 
world. 

Meyerson  stresses  that  activities 
need  not  be  elaborate  nor  expensive, 
but  that  they  should  involve  and  edu- 
cate as  much  of  the  public  as  possible. 
He's  heartened  by  the  response  to  date 
and  predicts  that  more  groups  will  turn 
out  to  honor  Columbus  and  his  suc- 
cessors in  the  discovery  of  new  worlds. 

We  think  so,  too.  Watch  this  space.D 
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Does  exploring  other  worlds 

make  your  heart 
beat  faster? 


Help  launch  a new  era  in  planetary  exploration, 
and  enjoy  the  many  benefits  of  membership 
in  The  Planetary  Society. 


This  is  an  important  time  for  space 
exploration  enthusiasts  like  you.  At  no 
other  time  in  history  has  the  explora- 
tion of  other  worlds  held  more  promise. 
Through  your  membership  in  The 
Planetary  Society,  you  can  help  fulfill 
this  promise . . .you  can  have  an  impact 
on  the  exploration  of  other  worlds  and 
the  search  for  extraterrestrial 
intelligence. 

In  the  last  two  decades,  for  the  first 
time  in  history,  we  have  studied  our 
neighboring  worlds  close  up  and  in 
detail— the  enigmatic  pyramids  of 
Mars,  the  organic  clouds  of  Titan,  the 
10,000  Saturnian  rings.  Right  now, 
the  U.S.,  the  U.S.S.R.,  the  European 
Space  Agency  and  Japan  are  planning 
historic  space  missions.  These  epic 
ventures  will  be  remembered  by  our 
descendants  thousands  of  years  from 
now  when  most  other  achievements 
of  our  time  will  be  forgotten. 

See  the  universe 
in  a new  light 

The  Planetary  Society,  as  the  world’s 
largest,  most  influential  space  interest 
group,  will  have  an  impact  on  such 
programs.  And  you,  as  a Planetary 
Society  member,  will  be  a part  of  our 
efforts.  As  a member,  you  not  only 
take  a front-row  seat  in  the  ultimate 
adventure  in  space.  Your  membership 
will  actually  help  move  ahead  inter- 
national programs  to  explore  the 
cosmos ...  will  actually  help  finance 
the  radio  search  for  extraterrestrial 
intelligence. 

Headed  by  some  of  the  world’s  most 
distinguished  scientists,  The  Planetary 
Society  provides  more  than  100,000 
members  with  knowledge  and  inspira- 
tion that  sparks  their  imaginations 
and  keeps  them  on  the  cutting  edge 
of  space  exploration. 

U.S.  Planetary  missions 
scuttled.  New  hopes  for 
new  missions. 

Since  1978,  the  U.S.  has  not  launched 
a single  mission  to  the  planets— after 
dozens  of  historic  missions  in  the 
preceding  two  decades.  Today,  The 


Planetary  Society  is  spearheading 
efforts  to  renew  U.S.  commitment  to 
missions  awaiting  launch:  Galileo, 
Magellan,  Ulysses  and  Mars  Observer. 
And  we  are  disseminating  information 
to  the  American  people  on  the 
ambitious  Soviet  Phobos  mission  and 
on  future  Soviet  Mars  exploration. 

We  are  also  leading  the  drive  for 
a multinational  piloted  mission  to 
Mars  and  new  expeditions  to  other 
planets.  We  invite  you  to  join  us. 

Many  membership  benefits. 

There’s  no  other  organization  like 
The  Planetary  Society.  When  you  join, 
in  addition  to  receiving  our  colorful 
magazine  The  Planetary  Report  six 
times  a year,  you’ll  get  special  discounts 
on  books,  videotapes,  posters,  prints 
and  other  materials.  You’ll  also  be 
invited  to  special  Society  events  and 
activities,  such  as  Planetfest  ’89. 

6c  a day  is  all  it  takes! 

To  become  the  next  member  of  The 
Planetary  Society,  just  fill  out  the 
Membership  Form  below  and  return  it 


right  away.  Send  no  money  now.  We’ll 
bill  you  for  your  low  membership  dues 
of  just  $20*  a year.  That’s  about  61  a day 
to  take  part  in  this  unique  adventure. 
Included  in  your  membership... 
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coverage  of 
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exploration 
delivered 
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The  most 
comprehensive 
accounts  of 
discoveries 
about  other  worlds.  First-hand 
reports  from  scientists  of  many 
nations.  Full-color  photographs  from 
space.  Not  available  on  newsstands. 
Sent  to  you  as  a member  of 
The  Planetary  Society. 
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California  Institute  of  Tech- 
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Director,  Laboratory  for 
Planetary  Studies,  Cornell 
University  (seated  right);  Louis 
Friedman,  Executive  Director 
(standing). 
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The  Private  Vector 


The  Price  of  Liberty 

acific  American  Launch  Sys- 
tems (PALS),  a start-up  rocket 
company  in  Menlo  Park,  California, 
finally  has  landed  a fee-paying  con- 
tract. Worth  $400,000,  the  contract 
allows  the  U.S.  Army  Strategic  Defense 
Command  to  evaluate  the  first  stage  of 
the  PALS'  Liberty  launch  vehicle,  a two- 
stage  booster  that  may  eventually  be 
able  to  deliver  about  400  pounds  to 
low-Earth  orbit. 

According  to  PALS  President  Gary 
Hudson,  the  contract  has  financed  “a 
number  of  unspectacular  but  impor- 
tant tests"  such  as  fuel  tank 
pressurization  and  rocket  motor  igni- 
tion. A test  firing  of  the  first  stage  at 
Edwards  Air  Force  Base  also  is 
planned.  “It’s  a lot  like  paying  to  take  a 
car  for  a test  ride,”  says  Hudson. 

While  some  of  the  test  results  were 
anticipated,  Hudson  notes  that  others 
“turned  out  better  than  expected."  The 
original  contract  was  scheduled  to  last 
three  months  starting  last  August,  but 
the  program  was  extended  another  six 


months.  PALS  did  not  request  addi- 
tional funding  from  the  Army  for  the 
extension. 

Development  and  construction  of 
the  Liberty  booster  is  financed  solely 
through  private  funding;  the  Army  con- 
tract is  for  testing  only.  As  a bonus,  test 
results  will  provide  PALS  with  data  it 
needs  to  sell  Liberty  launch  vehicles  to 
prospective  customers. 

— Robert  G.  Nichols 


Wanna  Buy  a Space  Robot? 


Wanted:  private  financing  to 
build  a $30  million  water  tank 
to  train  space  station  astronauts. 

That's  just  one  of  the  advertisements 
NASA  could  run  to  help  shore  up  its 
budget  for  the  1990  fiscal  year.  Through 
a new  set  of  commercial  initiatives, 
NASA  hopes  the  private  sector  will  add 
$208  million  to  the  agency’s  purse  by 
financing  new  facilities  and  hardware. 
The  projects,  including  an  advanced 
robot  to  service  space  station  Free- 
dom, are  all  things  NASA  says  it 
needs — but  the  White  House  says  it 


Pacific  American’s  proposed  Liberty  launcher:  “Like  paying  to  take  a car  for  a test  ride.” 


can't  afford. 

Of  course,  the  private  sector  is  inter- 
ested in  making  a profit.  So  potential 
financiers  of  the  training  tank  to  be  built 
at  NASA's  Johnson  Space  Center  in 
Houston  might  be  able  to  lease  the 
facility  to  the  offshore  drilling  industry 
in  Texas.  NASA’s  space  station  chief 
James  Odom  says  it's  not  reaching  too 
far  to  expect  that  drillers  could  use  the 
tank  to  instruct  technicians  how  to  sink 
or  repair  oil  wells. 

Realistically,  however,  NASA  is 
presumed  to  be  the  prime  customer  for 
all  the  projects.  At  a hearing  last  winter 
on  NASA’s  budget  request,  Democratic 
Senator  Al  Gore  called  the  private 
financing  initiatives  “gimmicks,”  and 
asked  NASA  head  James  Fletcher 
rhetorically  if  he  really  expected  “R.J.R. 
Nabisco"  to  consider  buying  the  space 
agency  a station  robot. 

Fletcher  admitted  that  industry  will 
be  hard  pressed  to  finance  tech- 
nologies like  the  robot  (called  the 
Flight  Telerobotic  Servicer),  which 
involve  substantial  investment  in  cut- 
ting-edge research  and  development. 
Other  projects  targeted  for  private 
financing  are:  a facility  for  building 
advanced  solid  rocket  motors  for  the 
shuttle  (an  estimated  $60  million  in 
NASA's  1990  budget);  a space  station 
payload  processing  facility  at  Kennedy 
Space  Center  ($43  million);  an  obser- 
vational instruments  lab  at  the  Jet 
Propulsion  Laboratory  ($14  million); 
enhancements  to  the  shuttle  which 
could  help  it  remain  in  orbit  nearly  a 
month  ($27  million);  and  a space  sta- 
tion docking  module  ($4  million). 

— Melinda  Gipson 


..Or  Some  NASA  Real  Estate? 

ven  NASA's  field  centers  may 
wind  up  on  the  block  in  the 
rush  toward  “privatization." 

A science  policy  paper  issued  in 
early  January  by  the  National  Academy 
of  Sciences  and  the  National  Academy 
of  Engineering  recommends  a major 
study  of  the  benefits  of  turning  over 
some  or  all  of  NASA’s  field  installations 
to  the  private  sector.  The  paper  sug- 
gests that  NASA's  centers  could  offer 
more  attractive  salaries  and  have  bet- 
ter, more  modern  facilities  by  affiliating 
with  a university  or  an  aerospace  com- 
pany. “[Privatizing  the  centers]  would 
get  around  a number  of  handicaps  that 
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the  government  has,  such  as  salary 
schedules. ..and  bureaucratic  func- 
tioning," says  Guyford  Stever, 
chairman  of  the  academies’  space  pol- 
icy committee. 

NASA  Associate  Deputy  Adminis- 
trator Noel  Hinners  notes  that 
commercializing  the  field  centers  isn’t 
anew  idea,  but  that  not  much  was  done 
with  it  until  about  six  months  ago,  when 
NASA’s  Ames  Research  Center  in 
California  did  a preliminary  analysis. 

Partly  due  to  its  Silicon  Valley  loca- 
tion, Ames  was  finding  that  it  was  "not 
getting  the  best  fresh-out-of-college 
talent,”  Hinners  explains.  Ann  Bradley, 
NASA’s  director  of  personnel,  esti- 
mates that  industry  outbids  the  space 
agency  by  about  $5,000  per  year  for 
the  brightest  college  graduates. 

NASA  is  proceeding  with  a more  in- 
depth  study  which  should  be 
completed  by  next  summer,  or  even 
sooner  "if  the  [Bush]  administration 
pushes,"  says  Hinners.  He  acknowl- 
edges that  the  Cal  Tech-operated  Jet 
Propulsion  Laboratory  (cited  by  the 
academies  as  a model  for  privatiza- 
tion) seems  to  “be  able  to  attract  and 
retain  a higher  degree  of  talent”  than 
some  other  NASA  laboratories,  but 


points  out  that  JPL  was  well  estab- 
lished before  it  became  part  of  NASA  in 
the  early  1960s. 

Jerry  Grey,  director  of  science  and 
technology  policy  for  the  American 
Institute  of  Aeronautics  and  Astronau- 
tics, is  dubious  about  privatization. 
NASA  still  would  be  required  to  finance 
the  centers,  says  Grey,  and  he  doubts 
that  it  would  greatly  streamline  opera- 
tions. Grey  thinks  that  private  industry 
would  benefit  financially  from  the 
operating  fee,  but  doesn’t  believe  that 
the  firms  “would  get  anything  they  don’t 
already  have,”  from  a technical  stand- 
point. — Douglas  Isbell 

Ariane  Supersavers 

rianespace,  the  private  cor- 
poration that  markets  and 
launches  Europe’s  Ariane  boosters, 
has  come  up  with  a new  scheme  to 
help  reduce  the  cost  of  sending  small 
payloads  into  orbit. 

The  organization’s  latest  “budget” 
program  is  aimed  at  the  mini-satellite 
market.  For  a token  cost,  several  small 
payloads  can  be  carried  into  low  Earth 
orbit  on  a structure  that  fits  beneath 
Ariane’s  primary  satellite  cargo. 


According  to  Edward  Weinrich, 
engineering  director  for  Arianespace, 
there  are  several  restrictions.  Payloads 
can’t  weigh  more  than  40  kilograms 
each,  and  the  overall  mass  of  the  small 
satellites  can't  exceed  200kg.  They 
also  have  to  be  as  compact  as  possi- 
ble— about  40  centimeters  square. 
Finally,  the  tag-along  satellites  must 
not  interfere  with  the  primary  payloads. 

As  part  of  this  program — so  new  that 
it  doesn’t  yet  have  a formal  name — six 
small  satellites  will  be  carried  into  orbit 
along  with  the  French  SPOT  Earth 
observation  satellite  later  this  year. 
Most  are  designed  to  demonstrate  new 
spaceflight  communications  technol- 
ogy: one  of  the  satellites,  built  for 
Webster  State  University,  will  carry  an 
Earth  observation  color  video  system 
to  gather  images  for  student  research. 

Fees  totaling  about  $1  million  cover 
the  cost  of  integrating  the  satellites 
onto  the  payload  structure.  Weinrich 
cautions  that  this  is  still  a new  program, 
so  a “real  pricing  policy"  has  yet  to  be 
formulated.  If  successful,  however,  it 
could  become  a regular  and  eco- 
nomical means  of  delivering  “mini- 
payloads" to  orbit. 

— Robert  G.  Nichols 


Take  off  on  a 
National  Space  Society 
Shuttle  Launch  Tour! 


Tour  Kennedy  Space  Center  and  Cape 
Canaveral  Air  Force  Base...  Visit  EPCOT  Center- 
Meet  NSS  members  from  around  the  nation... 
bask  in  the  sun...  and,  of  course,  witness 
a spectacular  Space  Shuttle  launch. 

NSS  is  now  accepting  reservations  for 
its  upcoming  Shuttle  Launch  Tour  for  Atlantis 
mission  STS-30.  Interested  parties  may  contact: 

Shuttle  Launch  Tours 
922  Pennsylvania  Ave„  SE 
Washington,  D.C.  20003-2140 
or  call:  (202)  543-1900. 


Shuttle  Launch  Tours  are  offered 
exclusively  to  NSS  members. 


FINAL  FRONTIER  19 


I N 


R C 


F 


THE 

ULTIMATE 

VACATION 

Is  there  hope  for  the  space  tourist?  ■ By  Jerome  Richard 

he  new  office  of  Space  Expeditions,  Inc.  is  on  the  sev- 
enty-fourth floor  of  the  Columbia  Center.  The  view  over 
Seattle's  hills  is  magnificent,  but  there  is  something 
sad  about  it,  too.  The  company  was  organized  to 
arrange  space  trips  for  private  citizens.  The  brochure 
said:  "Imagine  seeing  the  Earth,  its  curvature,  conti- 
nents, oceans,  countries,  lights,  even  atmospheric  conditions,  all  from  an  entirely 
different  view."  But  for  now,  this  is  as  far  off  the  ground  as  Space  Expeditions  can 
get.  I The  idea  was  to  develop  a fleet  of  private  spaceships  that  would  take  as 
many  as  20  passengers  at  a time  on  a five-to  eight-orbit  trip  around  the  Earth.  The 
target  date  for  the  inaugural  flight  was  1992,  the  500th  anniversary  of  Columbus’ 
voyage  to  the  New  World.  H Space  Expeditions'  president,  T.C.  Swartz,  also 
founded  and  later  sold  Society  Expeditions,  a unique  travel  organization  that 
used  its  own  ships  to  take  well-heeled  tourists  to  exotic  places,  accompanied  by 
informed  guides  who  lectured  on  the  local  culture.  As  Swartz  puts  it,  the  purpose 
was  to  provide  "experiences  that  people  remember.”  Project  Space  Voyage  was 
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The  Fodor  Guide  to  Space 


Eugene  Fodor  has  lived  a life  others  can  only  envy.  Now  in  his 
eighties,  he  created  the  well-known  series  of  travel  guides  bearing 
his  name  in  1936.  The  Fodor  Guides  now  number  90,  and  the  list  is  still 
growing.  Travelers  throughout  the  world  carry  tattered  copies  of  the 
books  in  search  of  historic  sights,  restaurants  and  places  to  stay.  In 
1978,  Fodor  was  elected  to  the  American  Society  of  Travel  Agents 
World  Congress  Hall  of  Fame,  the  first  travel  editor  to  be  so  honored. 

So  where  would  the  ultimate  traveler  go  if  he  could  only  take  one 
more  trip?  "My  choice  would  be  a press  trip  onboard  one  of  the 
forthcoming  space  shuttle  series,"  Fodor  says,  adding  that  the  idea 
has  "a  special  timeliness"  at  this  stage  of  his  life. 

"Lest  it  appear  as  some  mindless  fantasy,"  says  Fodor,  "I  have 
given  it  a great  deal  of  thought  in  the  past."  He  even  once  went  so  far 
as  to  discuss  it  with  Christopher  Kraft,  the  former  director  of  NASA's 
manned  spaceflight  program. 

"I  assume  it  would  be  on  immensely  rewarding  and  unprecedented 
experience,"  continues  Mr.  Travel  himself,  "and  a fitting  and  fulfilling 
assignment  for  an  exiting  travel  editor." 

Fodor  may  have  to  pull  rank  and  elbow  some  of  his  own  employees 
out  of  the  way  if  tickets  to  Earth  orbit  become  available.  Michael 
Spring,  editorial  director  in  charge  of  the  more  than  300  writers  who 
contribute  to  the  Fodor  Guides,  says  that  "When  Fodor's  is  ready  to 
cover  travel  in  space,  my  bags  are  packed." 

He  isn't  the  only  one  in  the  travel  industry  with  such  dreams.  Steve 
Noveck  of  Official  Airline  Guides,  the  bibles  of  air  travel,  says  "It  will 
be  exciting  when  OAG  adds  space  travel  to  our  coverage,"  and  prom- 
ises that  all  aspects  of  commercial  tourism  in  orbit  would  be  covered 
in  the  guide  books,  including  flight  schedules  and  articles  about  tour 
packages,  travel  agent  tips  and  industry  news. 

Adventure  travel  excursions  have  mushroomed  in  the  last  decade, 
and  Sobek  Expeditions  has  been  on  the  cutting  edge  of  the  trend.  In 
the  company's  Book  of  1000  Adventures,  author  David  Roberts  writes 
that  "once-tricky  voyages  have  become  safe  ond  routine  as  the 
wrinkles  in  potentially  hazardous  exploits  have  been  ironed  out."  But 
one  of  the  difficulties  of  commercial  space  travel  could  be  the  fear 
factor,  which  might  pose  a public  relations  problem  for  any  space 
vacation  industry.  Duffy  Myers,  a travel  PR  expert  with  the  Orlando- 
based  firm  RY&R  is  undaunted  by  the  challenge. 

"We  are  anxious  to  represent  the  pioneers  in  commercial  space 
travel,"  says  Myers.  "Because  we  are  based  in  Florida,  we  think 
marketing  space  travel  to  civilians  would  be  exciting  and  productive. 
The  public  relations  ramifications  are  numerous." 

Then,  of  course,  there  are  all  the  magazines  that  could  be  geared  to 
space  vacationers  and  even  business  travelers.  Connie  Goldstein, 
editor  of  Corporate  Meetings  and  Incentives,  a journal  for  people  who 
plan  business  meetings,  is  already  thinking  ahead. 

"Our  readers  are  always  looking  for  new  and  unique  destinations 
for  their  groups,"  she  says.  "Just  as  it  took  teleconferencing  many 
years  to  be  accepted,  I think  meetings  in  space  will  take  a generation 
before  they  are  accepted  as  a unique,  distraction-free  and  productive 
way  to  conduct  business." 

Anita  Cotter,  travel  editor  for  Glamour  magazine,  has  no  doubt  that 
her  readers  "would  be  especially  interested  in  commercial  space 
travel— they  are  traditionally  at  the  forefront  of  developments  in  all 
areas."  Cotter  even  goes  so  far  as  to  offer  a prediction:  "I  would 
suspect  a Glamour  reader  would  be  the  first  woman  tourist  in  space." 

— W.  Lynn  Seldon,  Jr. 


to  have  had  a similar  format, 
with  astronauts  and  space 
experts  riding  along  on  the 
weekly  orbital  trips  to 
provide  commentary. 

Announcement  of  the 
project  four  years  ago 
resulted  in  more  than  10,000 
inquiries;  186  people  put  up 
$5,000  deposits  held  in 
escrow  to  reserve  their 
places  on  the  orbital  tours. 
Azeezaly  Jaffer,  a NASA 
public  information  officer  at 
the  time,  declared  that 
"Space  tourism  is  a realistic 
concept,” 

Realistic,  maybe,  but  not 
realized.  Last  January,  those 
people  who  had  booked 
passage  on  Project  Space 
Voyage  received  a letter 
from  Swartz,  saying,  “Since 
we  cannot  give  you  an  exact 
target  launching  date,  and 
since  it  is  so  far  behind  our 
original  schedule, wenolong- 
er  feel  comfortable  in  hav- 
ing your  deposit  in  escrow." 
Subscribers  were  given 
three  options:  withdrawing 
their  deposit,  letting  it  stay  in 
escrow  indefinitely,  or 
applying  it  to  Swartz’s  new 
venture,  Private  Jet  Expedi- 
tions. 

The  new  company  will  use 
a Boeing  727  refurbished 
with  deluxe  accommoda- 
tions to  take  tourists  to  "des- 
tinations of  extraordinary 
interest."  Those  who  apply 
their  $5,000  Project  Space 
Voyage  deposits  to  a Private 
Jet  Expeditions  trip  within  a 
year  receive  a $2,000  dis- 
count. While  waiting  to  see 
the  Earth  from  orbit,  they  can 
visit  Katmandu.  The  new 
company,  which  shares 
office  space  with  Space 
Expeditions,  is  awaiting  reg- 
ulatory approval. 

Like  others  who  had  con- 
sidered the  idea  of  space 
tourism  before  him,  Swartz's 
original  plan  was  to  develop 
a passenger  module  for  the 
cargo  bay  of  NASA’s  space 
shuttle.  When  the  space 
agency's  director,  James 
Beggs,  decided  in  1985  that 
tourists  would  not  be 
allowed  onboard  the  shuttle, 


the  company,  then  a part 
of  Society  Expeditions, 
decided  to  contract  for  the 
design  and  building  of  its 
own  spaceship,  although 
Swartz  still  anticipated 
using  government  launch 
facilities,  probably  at  Van- 
denberg  Air  Force  Base  in 
California. 

The  tragedy  of  Challenger 
did  little  to  discourage 
space-minded  citizens  from 
wanting  to  go  into  orbit — 
Space  Expeditions  had  very 
few  cancellations— but  it 
did  discourage  financial 
backers.  Swartz’s  rough 
budget  for  the  project  had 
anticipated  $5-10  million  to 
complete  systems  engi- 
neering work,  $40  million  to 
construct  a completely 
operable  scale  model,  and 
$150-200  million  for  the  craft 
itself.  Each  flight  would  cost 
about  $240,000  for  fuel  and 
the  amortized  cost  of  the 
vehicle,  and  would  earn  $1 
million  in  revenue  from  fares 
alone — 20  passengers  at 
$50,000  apiece.  There  was 
also  the  possibility  of  carry- 
ing commercial  cargo. 

But  Swartz’s  cost  esti- 
mates have  since  gone  way 
up.  By  the  time  a man-rated 
spaceship  was  tested  and 
outfitted  with  redundant 
safety  systems,  he  now  fig- 
ures, it  would  cost  more  like 
$2  billion.  Even  with  a fleet  of 
three  ships  operating 
weekly,  it  would  take  almost 
twenty  years  to  turn  a profit. 

As  Swartz  wrote  in  his 
letter  to  depositors:  “The 
amounts  needed  for  space 
exploration  must  be  sup- 
ported by  government 
infrastructure,  as  the  finan- 
cial numbers  from  a purely 
commercial  aspect  become 
unrealistic  without  this  kind 
of  infrastructure  assis- 
tance." He  points  as  an 
example  to  the  govern- 
ment’s paying  development 
costs  for  the  military  aircraft 
that  eventually  became  the 
Boeing  707  passenger  jet. 

But  restrictions  on  NASA’s 
budget,  and  the  weight  of 
the  federal  budget  deficit, 
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The  staff  of  Space  Expeditions,  Inc.  hoped  their  Project  Space 
Voyage  would  be  ferrying  passengers  to  orbit  by  1992.  Now, 
says  company  founder  T.C.  Swartz,  it  may  be  the  first  decade 
of  the  next  century  before  space  tourism  gets  off  the  ground. 


make  government  help 
unlikely,  especially  since 
there  seems  to  be  no  burn- 
ing official  interest  in  getting 
civilians  into  space.  In  Jan- 
uary, NASA  announced 
indefinite  postponement  of 
its  “Teacher  in  Space"  and 
“Journalist  in  Space"  pro- 
grams, saying  only  that  the 
possibility  of  reviving  them 
will  be  considered  “on  an 
annual  basis." 

At  first  Swartz  sought  pri- 
vate funds  through  venture 
capital  groups  and  looked 
into  a public  stock  offering. 
His  letter  reports  that, 
“Things  started  to  look  pro- 
mising in  the  financial  com- 
munity, until  the  stock 
market  crash  of  October 
1987.”  After  that  there  was  lit- 
tle taste  for  risk  left  among 
possible  financiers.  Swartz 
continued  to  explore  possi- 
bilities, but  concluded  by 
the  end  of  last  year  that  it 
was  time  to  return  the 
deposits. 

“If  the  Challenger  hadn't 


blown  up,”  he  says,  "we'd  be 
right  on  schedule.”  Swartz 
hasn't  abandoned  hope.  In 
fact,  he  says  emphatically: 
“We're  going  to  do  it  eventu- 
ally.” But  eventually  now 
looks  like  the  first  decade  of 
the  next  century. 

Alan  Ladwig,  who  once 
managed  NASA's  “citizens  in 
space"  program  and  is  now 
Director  of  Special  Projects 
in  the  agency's  Office  of 
Exploration,  believes  the 
Spaceflight  Participant  Pro- 
gram, as  it’s  officially  called, 
will  be  revived.  While  some 
members  of  Congress 
question  the  idea  of  private 
citizens  in  space,  he  points 
out  that  the  public  still 
accepts  the  risk.  However, 
that  is  not  the  same  thing  as 
opening  NASA  shuttles  to 
tourists. 

“NASA  is  not  in  the  per- 
sonal transportation  busi- 
ness,” Ladwig  says.  "That’s 
the  role  of  the  private  sec- 
tor.” He  is  optimistic,  how- 
ever, that  such  an  industry 


will  develop:  “Anyone  who 
thinks  that’s  not  going  to 
happen  is  short-sighted." 
Ladwig  points  out  that  The 
New  York  Times  once 
claimed  that  Robert  God- 
dard’s idea  of  going  to  the 
Moon  was  fantasy. 

A market  forecast  study  of 
space  travel  and  tourism 
prospects  for  the  period 
from  1990  to  2000,  con- 


ducted last  year  by  Space 
Propulsion  & Power,  Inc.  of 
Menlo  Park,  California, 
seems  to  support  that 
optimistic  view.  Incorpora- 
ting several  previous  studies 
and  relying  on  two  key 
assumptions— that  "low- 
cost  ($100  per  pound  deliv- 
ered to  orbit)  space 
transportation  is  technically 
feasible"  and  that  “high- 
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volume  demand  (thousands 
of  passengers  per  year)  will 
materialize  to  support  the 
investment  in  the  technol- 
ogy”—the  company  fore- 
sees revenue  of  as  much  as 
$1  billion  by  1998,  plus  addi- 
tional income  from  auxiliary 
activities  (ground  hotels, 
commercial  payloads,  etc.). 

The  study  identified  two 
technologies  that  show 
promise  of  achieving  low- 
cost  space  transport:  Elec- 
tromagnetic launch  (EML) 
for  bulk  materials,  and  a 
single-stage,  Vertical-Take- 
off-and-Vertical-Landing 
reusable  passenger  shuttle. 
The  latter  was  Space  Expe- 
ditions’ vehicle  of  choice  for 
ferrying  tourists  to  orbit, 
even  though  it's  still  a 
controversial  idea  among 
aerospace  engineers.  Any 
technology  that  helps  to 
bring  down  the  cost  of 
reaching  orbit — including 
the  hypersonic  space- 
planes  expected  to  be  flying 
early  in  the  next  century — 
could  make  space  transpor- 


tation market-driven  instead 
of  dependent  on  govern- 
ment funds. 

Swartz,  who  distributed 
copies  of  the  market  study 
along  with  his  letters 
announcing  indefinite  post- 
ponement of  Project  Space 
Voyage,  says  that  if  Space 
Propulsion  develops  the 
hardware,  Space  Expedi- 
tions will  provide  the 
passengers. 

Tom  Rogers  of  the  Space 
Phoenix  Program  agrees 
that  "the  fundamental  prob- 
lem in  the  civil  space  area  is 
cost,"  and  he  doesn't  expect 
much  help  from  the  govern- 
ment. “People  will  not  allow 
government  assets  to  be 
used  to  take  millionaires  into 
space.”  Space  Phoenix  also 
wants  to  open  space  to  the 
general  public,  but  is  doubt- 
ful that  a spaceship  to 
accomplish  that  purpose 
can  be  designed  and  fab- 
ricated at  a reasonable  cost. 
Instead,  the  group  has  its 
eyes  on  a passenger-size 
vessel  that  NASA  already 


takes  into  space  and  then 
jettisons — the  shuttle's  ex- 
ternal fuel  tank,  or  ET. 

An  ET  is  27.6  feet  in  diame- 
ter and  153  feet  long — 
about  the  size  of  a Boeing 
747  Designed  to  carry  the 
shuttle’s  liquid  oxygen  and 
hydrogen  fuel,  the  tank  is 
made  of  30  tons  of 
strengthened  aluminum, 
and  costs  about  $30  million 
to  manufacture.  Given  a 
$5,000  per  pound  lifting 
cost,  each  ET  represents 
about  a third  of  a billion  dol- 
lars. When  the  shuttle 
reaches  orbit,  the  tank  is 
released  to  break  up  and 
burn  in  the  atmosphere.  So 
far,  nearly  30  ETs  have  gone 
down  that  way. 

When  NASA  announced 
in  1987  a new  policy  of  giving 
away  discarded  tanks  to 
potential  commercial  users, 
several  groups  stepped  for- 
ward to  accept  the  offer, 
including  some  700  stu- 
dents from  Hilldale  Elemen- 
tary School  in  Muskogee, 
Oklahoma,  who  wanted  the 


tanks  so  they  could  one  day 
live  in  space  (NASA  turned 
down  the  students'  pro- 
posal, citing  concern  over 
their  ability  to  pay  the  engi- 
neering costs,  but  presented 
Hilldale  with  an  award  for 
educational  achievement 
instead). 

Space  Phoenix  is  made 
up  of  three  organizations: 
The  University  Corporation 
for  Atmospheric  Research 
(UCAR),  a non-profit  con- 
sortium of  58  scientific 
institutions  and  research 
universities,  The  UCAR 
Foundation,  and  the  Exter- 
nal Tanks  Corporation 
(ETCO),  a for-profit  com- 
pany created  to  manage  the 
financing,  development  and 
operation  of  ET s for  both  sci- 
entific and  commercial  use. 

NASA  scientists  confirm 
that  ETs  could  be  put  into 
near-Earth  orbit  without 
appreciable  loss  of  payload 
capacity  or  increased 
launch  cost,  and  NASA  and 
UCAR  officials  have  signed 
an  agreement  that  permits 


While  You’re  Waiting.. 

Okay.  Unless  you  have  a few  billion 
dollars  to  finance  your  own  launch 
vehicle,  it's  just  possible  that  you  were 
born  too  early  to  experience  the  won- 
ders of  space  travel  for  yourself.  But 
don't  despair — the  picture  for  would- 
be  astronauts  isn’t  totally  bleak.  You 
can  still  get  a feel  for  the  real  thing,  right 
here  on  the  home  planet. 

Many  museums  and  visitor  centers 
across  the  country  are  now  offering 
“space-on-Earth"  experiences  in  the 
form  of  camps,  training  simulators  and 
the  like.  We've  put  together  a list  of 
these  programs,  both  existing  and 
planned.  One  note:  Although  many  of 
them  started  out  as  programs  for  chil- 
dren, most  also  offer  space  experi- 
ences for  adults. 

Space  Camp  and  Space  Academy, 
Huntsville,  Alabama 

The  granddaddy  of  all  space-on- 
Earth  experiences,  this  is  the  program 
that  has  the  copyright  on  the  terms 
“Space  Camp"  and  "Space  Academy” 
(really).  About  23,000  space  campers 
are  expected  to  pass  through  Hunts- 


A happy  camper  at  the  PacificRim  Academy 


ville’s  program  this  year  alone.  For 
adults,  that  includes  three  days  (in  the 
fall  only)  of  astronaut  “training":  Partici- 
pants get  to  “space  walk"  in  a Manned 
Maneuvering  Unit  simulator;  experi- 
ence 3g’s  in  a centrifuge;  and  become 
disoriented  by  the  multi-axis  simulator, 
which  mimics  navigation  in  space  by 
rotating  360  degrees  in  every 
direction. 

Everyone  also  takes  part  in  a 
simulated  shuttle  launch.  Some  group 
members  are  assigned  to  mission  con- 
trol; others  make  up  the  shuttle  crew 
(the  assignments  are  reversed  the  fol- 
lowing day).  And  just  to  add  to  the 
sense  of  reality,  campers  are  housed  in 


a “Space  Habitat” — dorms  that  look 
like  NASA’s  proposed  space  station. 

Space  Camp  sessions  for  children 
are  even  more  involved,  ranging  from 
five-  to  ten-day  "missions,"  some  of 
which  offer  an  hour  of  college  credit. 
Since  the  camp  is  affiliated  with  the 
Alabama  Space  and  Rocket  Center 
and  is  near  NASA's  Marshall  Space 
Flight  Center,  campers  also  get  to  tour 
and  use  those  facilities.  The  camp  is 
open  year-round,  and  has  programs 
for  children  from  grade  4 on  up.  Space 
Camp  is,  however,  rather  pricey:  The 
three-day  adult  program  costs  $450, 
which  includes  room  and  board.  Pro- 
grams for  the  kids  range  from  $425  to 
$800,  depending  on  the  length  and 
type  of  program. 

Space  Camp  also  offers  a five-day 
Teacher  Space  Orientation  (for 
graduate  credit)  in  the  summer;  the 
cost  is  $595  complete.  For  more  infor- 
mation on  all  programs,  call  1-800- 
63SPACE. 

U.S.  Space  Camp,  IHvsville,  Florida 

A joint  venture  between  the  original 
Space  Camp  in  Huntsville  and  the  Mer- 
cury Seven  Foundation.  NASA's  Ken- 
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the  Space  Phoenix  Program 
to  begin  its  first  phase  of 
operations — the  suborbital 
use  of  the  External  Tank  as  a 
platform  for  scientific  and 
commercial  experiments. 

Initial  plans  are  tooutfitthe 
ET’s  “intertank”  section, 
located  between  the  hydro- 
gen and  oxygen  tanks,  to 
house  these  experiments. 
But  eventually  the  entire 
tank  would  be  converted  to 
warehouse,  laboratory  and 
even  habitat  space.  Tom 
Rogers,  chairman  of  the 
board  of  ETCO,  has  even 
thought  ahead  to  using  ET’s 
for  space  tourism.  Already,  a 
professor  at  the  Imperial 
College  in  London  is  work- 
ing on  a design  for  installing 
windows  and  otherwise 
modifying  the  orbiting  ves- 
sel. The  problems,  which 
include  eliminating  the  toxic 
fumes  left  behind  by  the 
fuel,  are  enormous. 

Rogers  perceives  a 
booming  market  for  space 
travel.  High  volume — 10,000 
people  a year— would  make 


Should  NASA  Resume  Its  Program  To  Take 
Ordinary  Citizens  On  The  Space  Shuttle? 


Lost  January,  NASA  announced  that  its  Spaceflight  Participant  Program 
was  on  indefinite  hold.  Although  the  space  agency  is  committed  to  the 
"long-term  goal"  of  taking  non-professionals  up  on  the  shuttle,  flight 
opportunities  for  a Teacher-in-Space  and  Journalist-in-Space  are  not  avail- 
able at  this  time,  and  it  could  be  many  years  before  other  "civilian" 
passengers  are  allowed  to  ride  on  the  shuttle. 

Is  that  too  long  to  wait?  We're  interested  in  knowing  your  opinion. 
Callers  will  be  charged  $1.25  for  each  call/flat  rate,  and  will  be  asked  by 
former  astronaut  Buzz  Aldrin  for  a yes/no  response  to  the  single  question: 
"Should  NASA  resume  its  program  to  take  ordinary  citizens  on  the  shuttle?" 
We'd  also  like  your  written  answers  to  the  following  short  survey  on  space  tourism.  Send  them  to  Survey, 
RO.  Box  11519,  Washington,  D.C.  20008. 

We'll  tabulate  the  results  from  both  the  survey  and  the  phone-in  question  and  present  them  to  NASA,  the 
National  Space  Council,  congressional  space  committees  and  other  interested  parties. 


1-900-786-3663 

and  tell  us 

what  you  think! 

$1.25  per  call. 
Touch-lone  phones  only. 


1.  Should  a commercial,  passenger-carrying  "tourist  module"  be  allowed  to  go  into 
orbit  in  the  cargo  bay  of  the  space  shuttle,  provided  it  pays  for  itself? 

2.  Would  you  go  on  a tourist  trip  to  Earth  orbit? 

3.  If  so,  how  much  would  you  be  willing  to  pay? 

4.  What  would  you  see  as  the  main  attraction  of  a short  trip  into  space? 

5.  What  would  you  consider  an  acceptable  level  of  risk  for  you  to  go  into  space,  on  a 
scale  of  1 to  5?  (1  = as  risky  as  airplane  travel;  5 = as  risky  as  armed  combat) 


This  survey  is  being  sponsored  by  Final  Frontier  Magazine  through  the  services  of  FDR  Interactive  Technologies,  who  are  solely  responsible  for  the  content  of 
all  questions  and  other  messages  in  the  survey.  There  will  also  be  an  opportunity  to  subscribe  to  Final  Frontier  Magazine,  if  you  choose. 


nedy  Space  Center  is  nearby,  and  bus 
tours  are  available.  The  camp’s  pro- 
grams and  prices  are  basically  the 
same  as  Huntsville’s.  Call  1-800- 
63SRACE  for  more  information. 

Patrick  Baudry  Space  Camp, 

Blainac,  France 

French  “spationaute”  Patrick  Baudry 
spent  several  years  developing  this 
camp,  which  is  set  to  open  this  summer. 
Kids  10  through  17  can  attend  the 
week-long  sessions.  Activities  include 
lessons  on  the  technology  of  space, 
training  on  17  different  simulators  and  a 
"launch,  flight  and  landing"  of  the 
Hermes  mini-shuttle.  The  camp, 
located  near  Cannes,  costs  about 
$560  per  week,  including  room  and 
board.  For  more  information,  write  to 
Espace  Development,  Space  Camp 
Patrick  Baudry,  Residence  Thales, 
Parc  Industriel  Aeroportuaire,  31700 
Blajnac,  France. 

Challenger  Center  for  Space 
Science  Education 

The  year:  2061.  The  place:  a space 
station,  spinning  its  way  toward  a ren- 
dezvous with  Halley’s  Comet.  The  mis- 


sion: To  send  a probe  to  the  comet’s 
coma.  This  is  the  scenario  of  the  Chal- 
lenger Center  for  Space  Science  Edu- 
cation— a network  of  facilities  across 
the  country  that  promotes  science  in  a 
“fun”  way.  The  Challenger  Center  was 
founded  as  a memorial  to  the  crew  of 
shuttle  mission  51-L. 

The  prototype  center  is  now  open  in 
Houston,  in  the  Museum  of  Natural  Sci- 
ence. It  includes  two  rooms — “Mission 
Control”  and  the  “space  station." 
Although  the  Challenger  Center 
doesn’t  have  Space  Camp’s  high-tech 
simulators,  the  rooms  look  and  feel 
pretty  realistic,  says  Douglas  King, 
president.  For  instance,  the  spacecraft 
has  computers,  an  isolation  chamber 
and  a glove  box.  The  emphasis  of  the 
two-hour  simulation  is  not  on  space- 
flight  itself,  but  on  what  you  do  once 
you’re  there,  says  King. 

Any  museum  or  school  district  can 
apply  to  become  a Challenger  center; 
so  far,  four  sites  have  been  approved, 
and  eight  are  pending  approval — the 
center  hopes  one  day  to  have  50  sites. 
A flagship  center  is  now  under  con- 
struction near  L’Enfant  Plaza  in  Wash- 
ington, D.C.  Called  the  Space  Life 


Station,  it  will  simulate  life  aboard  a 
space  station,  and  will  have  room  for  75 
people  at  a time  for  simulations  lasting 
up  to  a week. 

Though  the  only  “mission”  running 
currently  is  the  Halley  rendezvous, 
eventually  the  centers  will  offer  a vari- 
ety of  options,  some  short  enough  to 
be  included  as  part  of  a museum  tour, 
others  lasting  several  days.  The  next 
planned  mission  is  a return  trip  to  the 
Moon. 

Many  of  the  Challenger  Center's  par- 
ticipants will  be  children.  However,  the 
Houston  prototype  also  offers  evening 
and  weekend  classes  for  families  and 
adults.  The  cost  ranges  from  $5  to  $20, 
depending  on  the  session.  For  more 
information,  contact  the  Challenger 
Center  for  Space  Science  Education  at 
800-533-6310,  or  write  to  PO  Box 
90077  Washington,  DC  20090. 

Space  Center  Houston,  Johnson 
Space  Center,  Texas 

NASA's  Johnson  Space  Center  has 
grand  plans  for  revamping  its  visitors 
center,  and  has  even  hired  Walt  Disney 
Imagineering  to  design  a new  40-acre 
facility.  So  far,  plans  call  for  a two-level 
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the  costs  practical,  and  he 
says  that  10,000  “is  only  1% 
of  the  people  who  want  to  go. 
Polls  show  that  people  want 
to  take  a trip  to  space."  Still, 
Rogers  doesn't  think  it  will 
happen  until  the  first  de- 
cade of  the  next  century — 
the  same  timetable  en- 
visioned by  T.C.  Swartz. 

The  Space  Trust  Corpora- 
tion is  taking  a different 
approach.  The  Florida- 
based  outfit  hopes  to  sign 
up  2.5  million  members  at 
$50  each  to  participate  in  a 
random  selection  to  deter- 
mine passengers  for  space 
travel.  The  idea  is  to  con- 
struct, using  private  money, 
a 55-seat  Passenger  Ac- 
commodation Compart- 
ment that  would  fill  the 
payload  bay  of  a space  shut- 
tle orbiter  for  a 24-hour,  17- 
orbit  trip.  The  compartment 
would  have  large  side  and 
overhead  windows,  some- 
what like  a tour  bus. 

The  money  raised  through 
memberships  and  corpo- 
rate sponsorships  would  be 


enough  to  ensure  that  the 
lottery  winners  would  not 
have  to  pay  any  additional 
fares.  Besides  entry  in  the 
drawing,  members  will 
receive  newsletters  for  their 
$50.  Since  Space  Expedi- 
tions already  has  demon- 
strated that  there  are  a 
substantial  number  of  peo- 
ple willing  to  pay  $50,000  for 
such  a trip,  a lively  market 
could  develop  for  scalping 
winning  tickets. 

NASA  has  not  endorsed 
the  program,  but  it  hasn't 
rejected  it  out  of  hand, 
either.  In  an  August  1988  let- 


ter to  D.  Jordan  Taylor,  pres- 
ident of  Space  Trust,  H. 
Hollister  Cantus,  then 
NASA's  Associate  Adminis- 
trator for  External  Relations, 
was  even  mildly  encourag- 
ing: “NASA  appreciates  the 
efforts  of  The  Space  Trust 
Corporation  and  is  support- 
ive of  the  ideals  and  objec- 
tives of  your  non-profit 
organization.  ...We  look  for- 
ward to  exploring  the  ways  in 
which  our  two  organizations 
might  work  together  to 
further  our  common  inter- 
ests." Taylor  has  hopes  that 
the  first  passenger  launch 


could  take  place  as  soon  as 
three  years  from  now. 

But  a lot  of  people  can't 
wait.  Last  year  John  Denver 
tried  to  buy  a ride  on  a Soviet 
spaceship  for  $1  million,  and 
in  November  an  Oklahoma 
farmer  and  banker  named 
Elmer  Graham  made  the 
newspapers  by  offering  the 
Russians  a million  dollars 
worth  of  grain  for  a trip  to 
space.  Graham,  an  intrepid 
73-year-old  who  once 
hunted  polar  bears  in 
Alaska,  says  he  wants  to  go 
simply  because  he  thinks  he 
would  enjoy  it.  “When  they 
went  to  the  Moon,”  he  says, 
"I  couldn't  take  my  eyes  off 
the  television." 

Graham  hasn't  heard  from 
the  Russians  yet,  which  he 
thinks  is  a good  sign,  but 
Arthur  M.  Dula,  president  of 
the  Space  Commerce  Cor- 
poration in  Houston,  which 
markets  Soviet  space  serv- 
ices, is  doubtful.  He  says  the 
true  cost  of  training  some- 
one and  putting  him  into 
space  is  more  like  $12  to  15 


domed  building  to  house  live  demon- 
strations, film  and  video  exhibits,  along 
with  live  coverage  of  NASA  missions. 
One  area,  called  the  “Feel  of  Space," 
will  have  hands-on  exhibits.  Visitors  will 
get  to  “dock"  a shuttle  to  a space  sta- 
tion, use  a remote  mechanical  hand, 
walk  through  a shuttle  crew  com- 
partment and  participate  in  demon- 
strations of  eating,  drinking  and 
cooking  in  space. 

Another  live  demonstration  area  will 
have  a multi-axis  trainer  to  nauseate 
selected  participants,  and  an  air- 
bearing floor  to  give  others  the  illusion 
of  weightlessness.  True  to  the  Holly- 
wood roots  of  the  Disney  folks,  the  new 
visitors  center  also  will  have  tram  tours 
of  Johnson  Space  Center,  with  what 
promoters  advertise  as  “the  opportu- 
nity to  catch  a glimpse  of  the 
astronauts  in  their  daily  working 
environment."  Space  Center  Houston 
is  scheduled  to  open  in  the  spring  of 
1991.  Admission  will  probably  be  about 
$5  a person. 

NASA's  Ames  Research  Center  also 
is  considering  developing  some  type 
of  air  and  space  center,  in  cooperation 
with  its  hometown  of  Mountain  View, 


California,  outside  San  Francisco. 
Plans  are  in  the  preliminary/very  tenta- 
tive stages. 

Span  Camp,  Spaca  World,  Yawata, 
Japan 

Sometime  in  the  spring  of  1990  an 
official  Huntsville-licensed  space 
camp — complete  with  dorms  and 
simulators — will  open  on  the  island  of 
Kyushu  in  Japan.  The  camp  will  actu- 
ally be  part  of  a Space  World  theme 
park  built  by  the  Nippon  Steel  corpora- 
tion. Attractions  will  include  a museum, 
rides  and,  of  course,  a space  theatre. 
Nippon  Steel  eventually  plans  to  build 
three  such  theme  parks  in  Japan. 

Future  Astronaut  Training  Program, 
Kansas  Cosaiosphoro  and  Space 
Center,  Hutchinson,  Kansas 

This  for-kids-only  program  sticks  to 
its  future  astronaut  theme:  A typical 
five-day  agenda  includes  space  sur- 
vival training  (how  to  go  to  the  bath- 
room in  space,  what  to  eat),  workouts 
on  a Link  flight  simulator  and  a Manned 
Maneuvering  Unit  simulator,  and  a 
simulated  shuttle  launch.  The  Cosmo- 
sphere's  program  is  open  to  children  in 


grades  7 through  9,  and  costs  from 
$450  to  $525,  depending  on  the  level  of 
the  program  (room  and  board 
included).  Sessions  run  from  June  to 
August  for  Level  I;  October  through 
November  for  the  more  advanced 
Level  II.  For  more  information,  write  to 
the  Future  Astronaut  Training  Program, 
Kansas  Cosmosphere  and  Space 
Center,  1100  North  Plum  Street,  Hutch- 
inson, Kansas  67501,  or  phone  316- 
662-2305. 

Pacific  Rim  Spacaftight  Academy, 
Oregon  Museum  of  Science  and 
Industry,  Portland,  Oregon 

Spend  a peaceful  summer — send 
your  kids  to  this  academy  and  they'll 
learn  how  to  survive  in  the  desert,  how 
to  fly  a plane  and  how  to  manage  for 
themselves  in  weightlessness.  The 
academy  incorporates  the  principles 
of  flight  and  spaceflight  into  its  five-day 
programs  (the  kids  don’t  actually  fly  a 
plane,  but  they  do  get  a ride  in  a 
Cessna,  and  children  in  the  advanced 
program  get  a ride  in  a helicopter). 

The  academy  also  has  an  underwa- 
ter training  facility  to  demonstrate  mov- 
ing in  zero-gravity,  as  well  as  other 
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million.  (In  fact,  John  Denver 
backed  off  when  Glavkos- 
mos,  the  Soviet  space  mar- 
keting agency,  informed  him 
that  the  going  rate  for  his  joy 
ride  would  be  $10  million). 
That,  counters  T.C.  Swartz,  is 
because  the  Soyuz  vehicle 
only  seats  three  people. 
Even  if  you  could  reduce  the 
crew  down  to  one  cos- 
monaut, that  leaves  only  two 
seats  left  to  sell. 

Meanwhile,  the  American 
Experimental  Spaceflight 
Association  in  Carteret,  New 
Jersey  recently  issued  “An 
Invitation  To  Fly  To  The  Edge 
Of  Space."  For  $25  a year, 
members  get  a bi-monthly 
newsletter  and  a chance  to 
participate  in  several  space- 
related  activities.  One  is  a 
“Flight  To  The  Edge  pf 
Space,”  probably  onboard  a 
chartered  Concorde.  AESA; 
hopes  this  will  take  place  i.n 
1992.  It  would  involve  aTlight 
“into  the  stratosphere' 
upwards  of  20  kilometers,” 
where  “One  may  see  the 
deep  hues  of  the  edge  of 


space  and  the  curve  of  Earth 
near  the  horizon.”  Other 
activities  may  include 
attending  shuttle  launches 
and  astronaut  training,  and 
short  zero-gravity  flights. 

AESA,  according  to  pres- 
ident Paul  M.  Geyer,  was 
“founded  by  guys  who  went 
to  space  camp  together.” 
Their  major  activities  so  far 
appear  to  lie  somewhere 
between  a dream  and  a 
plan,  but  the  group  does 
have  a coveted  Get  Away 
Special  reservation  for  a 
small  shuttle  payload.  NASA 
stopped  issuing 
ervations  at  652;;i${^^(: 
holds  reservation 


AESA  doesn't  expe^»| 
number  to  come  no 


number  to  come  up 
late  '90s,  but  one  icfesll^i^ 
■ include  their  mem^rSnip” 
roster  as  part  of  the  payload. 

If  'you  can’t  go  yourself, 
perhaps  your  name  can 
orbit  the  Earth  for  you.  Mean- 
.wfitle.  AESA  offers  “Your  Trip 
Into  Space"  presentations 
for  schools  and  civic 
groups. 


So  there  is  a space  race 
still.  All  these  groups,  and 
probably  half  a dozen  more 
now  welding  together  bits  of 


met^l  an^l 

to  0 
and 
Wh 
wasj 
Jak®j 
shuttle,  said 


in  their 
the  first 
public, 
country, 
i Voyage 
Senator 
W on  the 
“The  people 


who  go  will  have  the  most  fun 
they've  ever  had  in  their 
lives.”  Flere’s  to  you,  Elmer 


Graham.  We  hope  you  make 

it. 

Meanwhile,  Space  Expe- 
ditions iscontemplatingsell- 
ing  meteorites — a reminder 
that  while  we  can’t  go  to 
space  yet,  a little  bit  of  space 
still  comes  to  us.  □ 

Jerome  Richards  is  a Seat- 
tle-based writer  whose  arti- 
cles have  appeared, 
appropriately,  in  both  Sci- 
ence Digest  and  Travel  & 
Leisure. 


Tti*  following  organizations  have  taken  an  active  inter- 
Snit  in  promoting  future  space  tourism: 


■:  'American  Experimental  Spaceflight  Association,  1501  Roosevelt 
F-1,  Carteret,  NJ  07008;  phone:  (201)  541-6786. 

; ,-lpace  Expeditions,  Inc.  (Private  Jet  Expeditions),  701  Fifth  Ave., 
7450,  Seattle,  WA  98104;  phone:  (206)  386-5801. 

Space  Phoenix  Program,  1877  Broadway,  suite  405,  Boulder,  CO 
80302;  phone:  (303)  440-8070. 

Space  Propulsion  & Power,  Inc.,  P.0.  Box  E,  Menlo  Park,  CA  94026; 
phone:  (415)  494-2025. 

Space  Trust  Corp.,  RO.  Box  511,  Cape  Canaveral,  FL  32920;  Send 
$50  and  self-addressed,  stamped  envelope  for  membership.  No 
phone  calls. 


gadgets  to  simulate  the  feel  of  space- 
flight.  Kids  ages  9 to  18  are  eligible  to 
attend  the  sessions  (groups  are  based 
on  ages),  which  run  from  June  through 
August.  The  cost  is  $510  for  OMSI 
members;  $530  for  non-members.  For 
more  information,  call  503-222-2828, 
or  write  to  the  Pacific  Rim  Spaceflight 
Academy,  Oregon  Museum  of  Science 
and  Industry,  4015  SW  Canyon  Road, 
Portland,  Oregon  97221. 

Shuttle  Camp,  Space  Center, 
Alamogordo,  New  Mexico 

For  five  days,  kids  in  grades  3 
through  9 get  to  build  and  launch 
model  rockets,  participate  in  underwa- 
ter zero-g  simulations,  eat  space  food 
and  mess  with  actual  space  hardware 
(including  shuttle  tiles  and  space  hel- 
mets). Shuttle  Campers  also  take  field 
trips  to  nearby  White  Sands  Missile 
Range  (sometimes  during  an  actual 
rocket  launch)  and  Holloman  Air  Force 
Base.  The  program  has  both  day  camp 
and  overnight  sessions.  Prices  range 
from  $60  to  $250,  depending  on  ses- 
sion length.  For  more  information,  call 
800-545-4021,  or  write  to  Shuttle 
Camp,  Space  Center,  Alamogordo, 


New  Mexico  88311. 

Aerospace  Camp,  Cradle  of  Aviation 
Museum,  Garden  City,  New  fork 

Because  this  is  an  air  and  space 
museum,  activities  focus  on  aviation  as 
well  as  space.  Kids  in  grades  6 to  8 
build  and  launch  model  rbckste,  try  on 
space  suits  and  attempt  to  "'Vepair” 
satellites,  and  take  behinb-tT^^cenes 
field  trips  to  New  York's  Kennedy  Air- 
port and  Grumman  Aerospace  Cor- 
poration. The  prototype  of  a larger 
future  program,  the  camp  costs  $125 
for  four  days  (sessions  are  four  hours  a 
day).  For  more  information,  call  516- 
222-1190  or  write  to  Aerospace  Camp, 
Cradle  of  Aviation  Museum,  Museum 
Lane,  Mitchel  Field,  Garden  City,  New 
York  11530. 

Michigan  Space  C wrap,  \ 

Jackson,  Michigan  '* 

This  day  camp  has  one  session  for 
kids  in  kindergarten  through  the  4th 
grade,  and  another  for  grades  5 
through  8.  Everyone  gets  to  build 
model  rockets  from  scratch,  visit  a 
planetarium  and  take  a field  trip  to  an 
airport.  Eighth  graders  have  the  option 


of  sleeping  over  on  Friday  for  a night 
of  star-gazing.  The  camp  costs  $75 
for  one  week.  For  more  information, 
write  attn.  Glen  Swanson,  21 1 1 Emmons 
Rd.,  Jackson,  Michigan  49201;  or  call 
517-787-4425. 

four  of  the  Universe,  CN  Tower,  Toronto 

More  an  amusement  park  ride  than  a 
reaLspace  center,  this  futuristic  adven- 
ture through  a 21st-century  airport  cul- 
minates in  a harrowing  ride  around 
Jupiter  in  Europe's  Hermes  “mini- 
shuttle.”  The  shuttle  is  actually  a flight 
simulator;  its  movements  are  com- 
puter-coordinated to  match  the  action 
on  a film  projected  on  the  shuttle’s 
windscreen.  Allow  about  an  hour  for  the 
entire  adventure:  10  minutes  for  the 
ride,  and  50  minutes  of  waiting  to  get 
there.  The  waiting  line  is  an  adventure 
in  itself:  You  have  to  pass  through 
“security"  and  be  inoculated  against 
space  viruses.  Tour  of  the  Universe 
costs  $11.95  (Canadian)  for  adults,  $4 
for  kids  12  and  under.  A Tour  of  the 
Universe  is  slated  to  open  in  Japan  in 
1990;  so  far  there  are  no  definite  plans 
to  open  one  in  the  United  States. 

— Devera  Pine 


I'm  already  apprehensive,  but  the  list  clinches  it.  I’m  in  the 
belly,  as  it  were,  of  the  Ashton  Graybiel  Spatial  Orientation 
Lab  at  Brandeis  University  in  Waltham,  Massachusetts, 
moments  away  from  a spin  in  the  rotating  room.  I’m  won- 
dering if  eating  lunch  was  such  a great  idea,  when  I see 
the  list  tacked  to  the  bulletin  board:  a neatly  penned 
parchment  poster  of  “Ye  Olde  Synonyms” — all  the  dubi- 
ously hilarious  ways  of  saying  what  I'm  now  certain  I’ll  do  in 
the  next  ten  minutes.  Upchuck.  Retch.  Ride  the  rail. 
Ralph.  Talk  into  the  big  white  telephone.  Worship 
the  porcelain  god.  And — how’s  this  for  euphe 
mism — laugh  at  the  ground. 

What  the  hell  am  I doing  here?  Good  ques- 
tion. I’m  about  to  experience,  firsthand,  the 
effects — and  side  effects — of  “artificial 
gravity."  The  idea  of  rotating  a spacecraft  to 
counteract  the  effects  of  weightlessness  has 
been  around  ever  since  physicists  and  sci-fiers 
began  noodling  with  Newton's  laws  and  con 
sidering  the  physical  implications  of  traveling  be 
yond  Earth's  gravity.  We've  seen  it  in  Hermann  Oberth’s 
pioneering  projections  from  the  1920s  and  in  Stanley 
Kubrick’s  languidly  waltzing  2001  space  station. 

On  Earth,  stomach-lurching  carnival  rides  like  “The 
Barrel”  and  “Gravitron”  spin  so  quickly  that  when  the  floor 
drops  out  beneath  them,  shrieking  teenagers  are  pinned 
in  place  to  the  wall  by  centrifugal  force.  Eureka!  Artificial 
gravity. 

Until  recently,  we  haven't  heard  much  about  artificial 
gravity  from  NASA.  Larry  Lemke,  an  engineer  at  Ames 
Research  Center  on  assignment  to  study  artificial  gravity 
at  the  space  agency's  Washington  headquarters, 
explains  that  zero-g  is  fine  for  short  missions,  the  current 
staple  of  America’s  space  program.  In  fact,  learning  how 
we  adapt  to  microgravity  and  how  to  exploit  it  have  been 
key  research  objectives. 


“Zero-g  is  what  you  get  if  you  go  in  orbit  around  the 
planet.  And  since  people  knew  that,  they  made  it  an 
asset,”  Lemke  says.  “But  if  your  goals  are  interplanetary 
travel,  then  you  have  to  reassess." 

Why,  if  zero-g  works  for  short  hops,  couldn’t  we  float 
around  on  long-duration  flights,  too?  Mainly  because  the 
same  physiological  adaptations  that  allow  us  to  over- 
come initial  space  sickness  (yet  another  olde  synonym 
for  several  days  of  lost  lunch)  and  work  comfortably  in 
microgravity  make  the  return  to  gravity  rough.  If  we 
could  stay  in  zero-g  forever,  no  sweat.  But  what 
goes  up  must  eventually  come  down,  and  it's 
got  to  be  in  good  enough  shape  to  do  its  work 
in  the  low  Martian  gravity  or  back  on  Earth’s 
surface. 

The  most  debilitating  bodily  changes 
' caused  by  zero-g  are  deconditioning  of  the 
cardiovascular  and  skeletal  muscle  systems, 
and  bone  “demineralization."  Calcium  leaches 
from  bones  because  they  don’t  get  the  kind  of 
impact  exercise — running,  walking  — that  stimulates 
marrow  growth.  A couple  of  things  conspire  to  weaken 
the  heart,  including  the  shift  of  fluids  toward  the  center  of 
the  body.  “You’re  a water  balloon,”  explains  Paul  DiZio, 
assistant  director  of  the  Graybiel  Lab.  “That’s  a simple 
model  [of  the  human  body].  If  you  had  a water  balloon  in 
space,  it  would  expand  to  fill  the  greatest  possible 
volume  and  be  perfectly  round.” 

The  same  thing  happens  with  the  body  in  space.  After 
the  astronaut  whizzes  away  a couple  of  now-superfluous 
pints  of  fluid,  the  rest  pools  around  the  chest.  When  blood 
no  longer  drops  into  the  feet  and  legs,  the  heart  doesn’t 
have  to  struggle  to  pump  it  through  the  system.  The  lazy 
heart  weakens.  In  fact,  every  muscle  weakens,  because 
the  body  simply  doesn't  get  the  workout  it  does  in  its 
customary  tug-of-war  with  Earth's  gravity. 


Our  intrepid  reporter  takes  The  Rotating  Room  and  The  Robocot  for  a spin. 
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"You  don't  realize  how  much  force  it  takes  just  for  you  to 
sit  in  that  chair.  You  call  it  resting,  but  if  you  were  to  totally 
relax,  you  would  slump  and  fall  in  a heap  on  the  ground. 
You’d  look  like  a boxer  that  had  just  been  knocked  out,” 
says  DiZio,  a psychologist  with  a gift  for  analogy. 

Of  course,  that’s  what  makes  zero-g  such  a fun  place  to 
be,  and  coming  home  such  a drag.  Space  travelers  gen- 
erally return  to  Earth  with  a condition  called  postflight 
orthostatic  instability — Greekspeak  for  “our  hero's  back, 
but  he  can’t  stand  up.”  Jerry  Carr,  veteran  of  the  1973 
Skylab  3 flight  that  holds  the  U.S.  space  endurance  rec- 
ord, says,  “I  didn’t  faint,  but  I felt  pretty  clumsy.  My  head 
felt  like  a big  watermelon  and  I had  to  work  hard  to  sup- 
port it.  I'd  been  a butterfly  for  84  days  and  suddenly  I 
weighed  something  again.” 

It's  the  slapstick  but  appalling  prospect  of  a contingent 
of  space  butterflies  taking  one  small  flop  for  mankind  on 
the  Martian  surface  that  has  NASA  minds  engaged  in 
finding  antidotes  to  the  effects  of  weightlessness.  Even 
the  shortest  Mars  journey  would  take  14  months  round- 
trip;  other  scenarios  last  as  long  as  three  years,  and 
experts  anticipate  the  effects  of  readaptation  will  only 
worsen  as  missions  get  longer. 

So  how  do  we  keep  our  astronauts  from  falling  apart? 
Lemke  notes  that  in  this  country  we  really  haven’t  done 
the  fundamental  research  that  would  give  us  a definitive 
answer.  However,  the  Soviet  space  program  has  long 
been  geared  toward  studying  problems  of  prolonged 
piloted  flight:  They’ve  developed  a regimen  that  gets 
cosmonauts  back  on  their  feet' — although  not  working  at 
full  Earthbound  capacity — in  as  little  as  two  days,  after 
stays  in  orbit  lasting  up  to  a year. 

In  space,  cosmonauts  slog  away  on  treadmills  and 
bicycle  ergometers  for  four  hours,  every  day,  six  days  a 
week.  During  waking  hours  they  wear  “penguin”  suits, 
full-body  get-ups  with  woven-in  rubber  bands  that  force 
automatic  isometric  exercise  for  the  torso  and  legs.  They 
take  mineral  supplements  and  electrolytes,  hammer  their 
fists  against  solid  surfaces  to  stress  arm  bones,  and 
chugalug  mildly  saline  solutions  prior  to  reentry  to 
replace  the  fluids  lost  in  the  initial  adjustment  to 
weightlessness.  For  the  last  two  weeks  of  flight,  they  slip 
into  something  a little  less  comfortable — the  “Chirig” 
lower  body  negative-pressure  device,  which  creates  a 
vacuum  around  the  legs  to  coerce  blood  downward 
again. 

If  all  these  pharmacological  and  mechanical  gizmos 
make  space  travel  sound  like  the  health-spa-from-hell, 
they’re  nothing  compared  to  the  bizarre  side  effects  of 
artificial  gravity.  The  problem  is  that  rotating  a spacecraft 
creates  not  only  centrifugal  force — the  useful  stuff — but 
something  called  the  “Coriolis  effect,"  which  wreaks 
havoc  on  the  body’s  balance  system. 

Try  picturing  a huge  clock  with  a sweep  second  hand  in 
motion.  Now  imagine  trying  to  walk  a straight  line  along 
the  hand  toward  the  center  of  the  clock;  you  can’t, 
because  the  forward  motion  of  the  hand  sweeps  you  off 
into,  whoops,  a slightly  elliptical  path  instead.  A more 
mundane  example:  because  the  Earth  rotates,  the 
Coriolis  effect  makes  water  swirl  down  the  drain  instead 
of  dropping  straight  down  the  pipes. 

When  you  consider  that  the  semicircular  canals  of  the 
inner  ear — the  things  that  (along  with  vision)  control  bal- 
ance, orientation  and  whether  you're  going  to  toss  your 
cookies — are  basically  no  more  than  a set  of  tiny  liquid- 
filled  pipes,  you  can  appreciate  why  NASA’s  interest  in 
artificial  gravity  has  led  the  agency  to  fund  human 
response  studies  in  the  Graybiel  Lab’s  rotating  room. 


And  why  I’m  getting  more  anxious  by  the  minute. 

DiZio  tries  to  calm  me.  “We  have  a pretty  good  idea 
when  people  are  getting  sick,”  he  says  less  than  reassur- 
ingly, enumerating  ye  olde  clues:  pallor,  panting,  perspi- 
ration, salivation.  “If  we  see  someone  with  a sweaty  brow, 
we  know  they’re  feeling  a little  nauseous  and  we  stop." 
And  if  they’re  drooling?  His  laugh  holds  a hint  of  Vincent 
Price.  “Then  it’s  probably  too  late.” 

The  rotating  room  is  actually  a cylindrical  chamber,  22 
feet  in  diameter,  turned  by  four  banks  of  motors — the 
same  kind  that  power  the  monorail  at  Disneyland.  Built  of 
submarine-gray  aluminum  sheeting  over  structural  foam, 
the  room  is  a decidedly  grim-looking,  totally  enclosed, 
merry-go-round.  There  are  no  windows,  no  portholes. 
Once  inside,  with  the  door  shut,  you  get  absolutely  no 
visual  cues  as  to  whether  or  not  you’re  spinning  in  relation 
to  the  outside  world. 

To  communicate  with  research  associate  Joel  Ventura, 
DiZio  wears  a headset  walkie-talkie  with  bobbing 
antenna  that  gives  him  a raffish  John  Belushi-the-killer- 
bee  look.  Ventura  bolts  the  door  from  the  outside,  moves 
to  the  control  room,  scans  the  rotating  room  with  a ceiling- 
mounted  videocam  to  be  sure  he’s  got  us  in  sight,  and 
gives  the  okay  for  rotation  over  the  speaker  system. 

Let  the- fun  begin. 

DiZio  recommends  I lean  against  the  wall  at  first  and 
keep  my  head  still.  We're  going  to  take  it  up  to  5 rpm  and 
leave  it  there  unless  I beg  for  mercy — or  for  more.  At  that 
speed  of  rotation,  at  this  radius,  we’ll  get  a combined 
force  of  about  1.45  g's.  Although  I know  we’re  moving 
because  the  motors  grind  and  then  level  off  to  a comfort- 
ing starship-in-flight  purr,  I get  no  physical  sensation  of 
acceleration — perhaps  because  I'm  pressed  against  the 
wall  tighter  than  a dealer  in  a drug  bust. 

Piece  of  cake,  I think.  Then  I turn  my  head  to  look  at 
DiZio  and  all  my  semicircular  canals  scream,  “Omigod, 
we’re  spinnnnning.”  I swallow  hard,  will  my  stomach  to 
stay  in  place,  s-l-o-w-l-y  move  my  head  back  to  center, 
pretend  I'm  wearing  a neck  brace,  and  concentrate  on 
keeping  my  eyes  focused  on  a wall  speaker  directly 
opposite  me.  I’m  so  intensely  involved  with  damping 
down  my  inner  ear  alarm  system,  I lose  my  grip  on  my  pen. 
When  it  drops,  it  whips  through  the  air  in  a bizarre  Coriolis 
path  and  sort  of  zig-zags  rather  than  rolls  along  the  floor. 

“Try  to  walk  toward  the  center,"  DiZio  says.  He’s  gotta 
be  joking.  Game  soul  that  I am,  I look  menacingly  at  the 
floor,  unglue  myself  from  the  wall,  and  take  what  I think  will 
be  a normal  step  forward.  Coriolis  forces  sideswipe  me.  I 
charge  on  with  a drunk’s  locked  knees  and  flat  feet  and 
find  myself  pushed  farther  and  farther  out  of  a straight 
line.  DiZio  notes  that  I’m  leaning  intg  the  artificial  gravity, 
toward  the  center,  at  about  a 15  degree  angle,  but  I’m 
starting  to  get  pretty  woozy  and  can’t  even  respond, 
because  all  my  attention  is  nailed  to  the  elementary  prob- 
lem of  locomotion. 

When  I stand  still,  look  at  the  opposite  wall,  and  move 
my  head  in  an  arc — left  ear  to  left  shoulder,  then  right  ear 
to  right — my  field  of  vision  pitches  and  yaws  like  a movie 
shot  through  a rocking  camera.  All  this  time,  remember, 
the  room  is  spinning  around  once  every  twelve  seconds. 
Because  I can’t  see  the  world  zipping  by  outside,  I don’t 
perceive  the  rotation  visually.  All  my  information  is  coming 
from  my  inner  ear,  and  it’s  telling  me  this  is  a crazy  way  to 
go  to  Mars. 

DiZio,  veteran  of  200  parabolic  zero-g  jet  flights  and  a 
guy  with  a self-proclaimed  iron  stomach,  claims  experi- 
ments suggest  that  volunteers  can  be  gradually  con- 
ditioned to  ignore  the  horror  show  effects.  But  they  have 
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to  then  be  de-conditioned  to  function  in  the  real  world 
again.  Of  course,  DiZio  himself  copes  at  5 rpm  by  moving 
his  eyes  eerily  to  look  around— but  never  his  head — and 
by  taking  small,  shuffling  baby  steps  that  make  him  look 
like  a comedian's  parody  of  a geriatric  case.  On  Joel  Ven- 
tura’s video  monitor  we  must  seem  to  be  reliving  an  old 
episode  of  / Love  Lucy:  Ricky  and  Lucy  stumble  into  a 
giant  centrifuge.  Is  this  any  way  to  run  a space  mission? 

Maybe  not.  Ten  miles  away  in  Cambridge,  at  MIT's  Man- 
Vehicle  Lab,  Peter  Diamandis,  a 27-year-old 
hyperachiever  with  graduate  degrees  in  aerospace 
engineering  and  an  M.D.  from  Harvard,  has  a different 
idea  for  countering  the  effects  of  weightlessness — give 
astronauts  a daily  dose  of  artificial  gravity  while  they're 
sleeping.  With  a grant  from  NASA,  Diamandis  has  built  an 
experimental  Artificial  Gravity  Sleeper — a.k.a. 
"Robocot.''  or  the  rotating  bed.  Naturally,  the  concept 
spawns  shtick  about  Hugh  Hefner  and  mirrored  ceilings, 
but  the  only  slightly  sexy  features  of  the  Sleeper  are  its 
hospital-issue  water  mattress  and  royal  blue  velour 
bedspread.  The  Sleeper  is  distinctly  laboratorial:  a sort  of 
stainless  steel  examining  table,  cantilevered  at  the  head 
from  a cylindrical  motorized  base,  housed  in  a bunker- 
like concrete  room  under  a ceilingful  of  glaring  fluores- 
cent lights. 

Diamandis  mans  a jerry-rigged  control  panel  with  more 
raw  circuitry  than  the  inside  of  a TV,  and  cranks  the 
Sleeper  up  for  a quick  riderless  demo  spin.  At  24  rpm  — 
the  speed  required  to  create  a 1-g  force  at  the  footplate — 
the  bed  swirls  like  a toppled  windmill,  kicking  up  a stiff 
little  breeze  in  the  lab.  Diamandis  puts  on  the  brakes  and 
turns  to  me.  "Now,  what  I propose,"  he  says,  “is  that  you 
hop  on  board  and  I'll  go  at  a much  slower  speed." 


The  “robocot”  may  provide  an  alternative  to  spinning 
spacecraft  (below)  as  a means  of  creating  artificial  gravity  in 
space. 

Fine.  I kick  off  my  shoes  and  stretch  out  flat  on  my  back, 
with  the  soles  of  my  feet  just  grazing  the  footplate  and  my 
ears  at  the  exact  centerpoint  of  rotation — my  head 
skewered,  as  it  were,  on  the  spindle  of  a record  player. 
Diamandis  buckles  me  down  with  a lapbelt,  takes  my 
glasses  and  gives  me  a borrowed-from-an-airline  sleep- 
mask  to  darken  any  visual  sensations  of  rotation.  "Give 
me  your  hand,  please,”  he  says,  placing  my  palm  on  a 
large  red  button  at  the  edge  of  the  bed.  “This  is  the 
emergency  stop."  Emergency  stop?  Nervously,  I crack 
bad  ejection  button  jokes  as  Diamandis  wrestles  the 
windshield  into  place— a curved  construction  of  clear 
Mylar  over  a paned  metal  frame.  Feeling  like  a vegetable 
in  a greenhouse,  I put  on  the  mask  and  brace  myself  for 
the  ride. 

Diamandis  cautions  me  to  keep  my  head  still.  The 
motor  starts  its  electric  shaver  buzzing,  and  rotation 
begins  and  accelerates  until  it  levels  off  at  ,5-g.  I’m  aware 
that  the  water  mattress  changes  shape  beneath  my  legs 
as  the  Sleeper  speeds  up  and  centrifugal  force  pulls 
water  toward  the  outside  of  rotation — toward  the  foot  of 
the  bed.  My  feet,  too,  are  now  pressed  into  the  footplate 
by  an  unaccustomed  force  that  feels  as  I imagine  attrac- 
tion would  feel  to  a magnet. 

The  ride  is  smooth,  oddly  soothing,  and  beneath  the 
not-quite-opaque  sleep  mask,  I can't  tell  whether  I'm 
spinning  clockwise  or  counter — or  whether  I'm  spinning 
at  all — except  that  Diamandis'  voice  dopplers  in  and  out, 
and  I get  a slight  sensation  of  light/dark/light/dark  from  a 
burned-out  row  of  ceiling  lights. 

Diamandis  cranks  the  Sleeper  up  to  24  rpm.  The  1-g  of 
artificial  gravity  pulls  my  feet  so  strongly  I would  swear  the 
bed  has  tilted  up  at  the  head.  When  I raise  my  arms  at  my 
sides,  my  hands  are  pulled  in  parabolic  motion  by  the 
Coriolis  effect.  I very  cautiously  turn  my  head  from  side  to 
side.  Because  my  eyes  are  shut,  the  effect  isn't  nauseat- 
ing, but  I get  the  same  Coriolis-distorted  sense  of  motion. 
It's  weird,  but  not  unpleasant.  I am  so  relaxed,  my  impulse 
is  to  roll  over  on  my  side  and  settle  in,  but  instinct  tells  me 
my  semicircular  canals  would  go  wild. 

As  the  bed  slows  to  a stop,  the  pressure  eases  on  my 
feet.  My  knees  lower  as  the  water  in  the  mattress  shifts 
back  up  under  my  backside.  With  eyes  closed  and  the 
bed  stopped,  for  the  first  time  my  head  feels  like  it's  spin- 
ning. After  a few  seconds,  the  sensation  disappears. 
Diamandis  removes  the  windshield,  unbuckles  the  belt, 
and  I sit  up  I feel  fine.  I feel  great.  I'm  a gyronaut,  and  I'd  do 
it  again  in  a heartbeat. 

continued  on  page  61 
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INTERNATIONAL  SPACE  UNIVERSITY 
HEADING  TOWARD  ORBIT 


The  International  Space  University  (ISU)  was  founded  in  April  1987  at  a confer- 
ence held  at  the  Massachusetts  Institute  of  Technology  (MIT).  The  ISU 
co-founders — Peter  R Diamandis,  Todd  B.  Hawley  and  Robert  D.  Richards — 
forwarded  a concept  in  space  education  which  has  captured  the  imagination 
and  support  of  the  world’s  space  community  With  the  involvement  of  acade- 
mia, governments  and  industry  from  numerous  nations,  ISU  will  expand  into  a full-year 
academic  program  and  permanent  campus  locations  following  1992,  the  International 
Space  'ifear.  “Clearly  the  ISU  plans  are  quite  ambitious,  but  the  concept  has  won  over 
many  of  its  early  doubters,”  notes  Mr.  Ian  W Pryke,  head  of  the  European  Space  Agency’s 
Washington  Office.  “The  momentum  and  success  the  ISU  has  built  is  why  I am  proud  to 
serve  as  its  Chairman  of  the  Board.” 


continued  on  next  page 


The  Birth  of  a 21st 
Century  Institution 

It  is  my  pleasure  to  write  a few  words 
on  behalf  of  an  organisation  I helped  to 
start  and  which  is  close  to  my  heart:  the 
International  Space  University  ISU  is  an 
outstanding  new  institution  dedicated  to 
identifying,  unifying  and  educating  the 
world’s  best  young  professionals  and  out- 
standing graduate  students  involved  in 
space-related  studies  from  architecture 
and  engineering  to  life  sciences  and  busi- 
ness. Through  its  academic  programmes, 
ISU  is  cultivating  a new  generation  of  lead- 
ers dedicated  to  the  peaceful  use  of  outer 
space 

After  the  phenomenal  success  of  its 
inaugural  summer  session  at  MIT  ISU  is 
setting  its  sights  on  the  establishment  of  a 
permanent  central  campus  during  Interna- 
tional Space  \fear  (1992).  In  the  next  few 
years,  ISU  will  expand  to  include  multiple 
campuses  at  centres  of  excellence  around 
the  world — linked  together  via  satellite, 
sharing  an  electronic  library  and  data 
bases,  offering  live  lecture  transmissions 
and  implementing  modem  technologies — 
to  enhance  cooperative  research  and 
development  of  space.  One  day  soon, 
perhaps  by  2001,  ISU  will  have  a campus 
where  it  is  destined  to  be:  in  orbit! 

ISU  is  doing  more  to  promote  and 
guarantee  the  peaceful  and  permanent 
development  of  space  than  any  other 
institution  I know.  I have  been  a sponsor  of 
ISU  since  its  founding,  and  I hope  that  you 
will  be  able  to  join  with  me  in  supporting 
this  unique  educational  endeavour. 

Sincerely, 

C 


Arthur  C.  Clarke 
is  the  author  of 
2001:  A Space 
Odyssey.  He 
serves  on  the  ISU 
Board  of 
Advisors  and  is 
the  Chancellor  of 
the  University  of 
Moratmva,  Sri 
Lanka. 
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ISU  Gains  Momentum 

continued  from  first  page 


The  inaugural  summer  session  of  ISU  was  held  at  MIT  in  1988,  and  brought 

together  104  graduate-level  students  and  young  professionals  from  21  nations. 
ISU’s  first  academic  program  provided  an  innovative  package:  a nine-week 
summer  session  involving  a broad  curriculum,  state-of-the-art  equipment  and 
labs,  design  projects,  and  an  international  faculty  and  student  body.  During 
the  program,  all  students  participated  in  a total  of  240  hours  of  lectures  encompassing 
eight  disciplines.  The  ISU  academic  program  was  led  by  a core  faculty  of  30,  enhanced  by 
more  than  70  visiting  lecturers  representing  today’s  leaders  in  the  international  space 
community 


ISU  operates  from  its  Executive  Office  in  Boston,  Massachusetts,  USA,  which  is 
headed  by  Peter  H.  Diamandis  and  Tbdd  B,  Hawley 


The  1989  summer  session  will  take  place  at  Universite  Louis  Pasteur  in  Strasbourg, 
France  from  30  June  to  31  August.  The  structure  of  ISU’89  evolved  from  the  ISU  program 
offered  at  MIT  in  1988:  a nine-week  session  of  interdisciplinary  lectures  and  design  project 
activities,  and  eight  academic  disciplines:  Space  Architecture,  Space  Business  and 
Management,  Space  Engineering,  Space  Life  Sciences,  Space  Policy  and  Law,  Space 
Resources  and  Manufacturing,  Satellite  Applications,  and  Space  Physical  Sciences. 

In  conjunction  with  summer  sessions,  ISU  is  pursuing  the  goal  of  establishing  a 
permanent  campus  during  International  Space  Year  (1992).  Following  the  1992  Interna- 
tional Space  'rfear,  the  ISU  plan  is  to  open  first  its  Central  Campus,  later  adding  Satellite 
Campuses  for  advanced  research  and  study  in  ISU  disciplines  in  existing  centers  of  excel- 
lence located  around  the  world.  At  the  permanent  campus,  worldwide  satellite 
broadcasting  of  lectures  will  be  routine;  computer  conferencing  and  networking,  elec- 
tronic library  and  database  access  will  be  used  to  link  together  the  varied  elements  of  ISU. 

An  ISU  Founders  Association  has  been  launched  to  help  establish  ISU’s  permanent 
campus  and  to  assure  the  continuation  of  this  global  experience  for  future  generations. 
Founders  Association  members  will  help  finance  the  planning,  analyses,  needs  assess- 
ments, design  and  construction  of  permanent  ISU  facilities.  Members  of  the  Founders 
Association  are  determined  to  prepare  a complete  development  plan  for  International 
Space  University,  and  secure  a sound  financial  base  for  its  implementation. 

The  process  by  which  humanity  develops  and  explores  space  has  changed  in  many 
critical  ways  over  the  last  30  years.  Space  is  no  longer  the  realm  of  the  economic  super- 
powers, nor  is  it  a domain  limited  exclusively  to  scientists  and  engineers.  Today  space 
development  takes  place  in  an  international,  interdisciplinary  arena.  ISU  seeks  to  provide 
a general  understanding  of  technical  and  non  technical  areas  important  to  space  devel- 
opment, and  to  gather  together  the  leaders  of  tomorrow,  allowing  them  to  discuss 
common  goals,  motivations  and  ideas.  The  International  Space  University  invites 
visionary  men  and  women  of  all  nations  to  join  and  support  this  critical  mission. 


ISU  Captures  the 


The  International  Space  University 
mission  is  to  offer  educational  programs 
which  are  of  relevance  to  today's  space 
industry.  From  its  inception  in  1987,  ISU 
has  fostered  increasing  levels  of  support 
from  a diverse  international  roster  of  cor- 
porations and  agencies  whose  leaders 
recognize  the  value  and  impact  of  the 
programs  offered  at  ISU. 

“In  this  era  of  expanding  civil  space 
programs,  there  is  an  ever-growing  inter- 
est and  need  in  our  industry  to  identify 
and  train  young  people  who  can  operate 
successfully  in  an  international  commer- 
cial environment,"  notes  John  McLucas, 
Chairman  of  QuesTech,  Inc.  “The  ISU 
seeks  to  satisfy  the  emerging  training 
needs  of  the  aerospace  industry." 

ISU  has  pioneered  a unique  education 
niche  which  has  proved  as  relevant  to 
aerospace  firms  in  North  America,  Japan 


The  Power  of  ISU 


One  hundred  and  four  rare  individuals 
now  have  friends  and  professional  col- 
leagues in  21  different  countries  of  the 
world.  These  are  the  students  of  the  first 
graduating  class  of  International  Space 
University.  The  ISU  alumni  form  a cadre  of 
dedicated  space  professionals  who  will 
provide  the  leadership  to  launch  human- 
kind into  space. 

To  illustrate  the  effect  the  “ISU  Experi- 
ence" has  already  had,  a sampling  of 
alumni  perspectives  is  presented  here: 

• "This  has  been  the  most  important 
educational  experience  of  my  life,”  said 
Mark  Matossian,  the  first  alumnus  to 
obtain  graduate  course  credit  for  his  work 
at  ISLT88,  and  now  a staff  scientist  at  SAIC. 
“Never  have  I been  asked  to  push  myself 
as  far  and  as  fast  as  l did  at  ISU  this  summer.” 

• “During  ISU  I made  contact  with  indi- 
viduals from  many  space-related  cor- 
porations— many  of  them  I have  remained 
in  frequent  contact  with,  this  will  help  to 
create  new  opportunities  for  all  of  us," 
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Interest  of  Space  Industry  Leaders 


Space  industry 
leaders  from  over 
20  nations  have 
endorsed  ISU. 


Yasuhim  Kuroda  Claude  Goumy 

SHIMIZU  MATRA  SPACE 


Dean  Burch 
INTELSAT 


and  Europe  as  it  has  to  telecommunica- 
tions corporations  in  Africa  and  Australia. 
Proof  of  this  relevance  may  be  noted  in 
Japan’s  increased  participation  in  ISU  in 
1989,  which  will  include  at  least  17  stu- 
dents— an  increase  from  five  participants 
in  the  1988  program  at  MIT. 

“We  wish  to  promote  the  ISU  program 
among  Japanese  corporations  because  we 


believe  that  space  development  will 
require  professionals  who  have  an  interna- 
tional perspective  and  who  will  succeed  in 
the  increasingly  cooperative  world  space 
industry,”  explains  Dr.  'ihsuhiro  Kuroda, 
Senior  Advisor  of  Shimizu’s  Space  Project 
Office,  Japan’s  ISU  Liaison  since  1987. 

“In  Europe,  the  multi-national  nature  of 
many  space  activities  makes  the  Interna- 


tional Space  University  program  particularly 
valuable,”  remarks  Claude  Goumy,  General 
Manager  of  MATRA  SPACE,  which  is  spon- 
soring students  and  curriculum  develop- 
ment for  the  1SU89  program  in  Strasbourg, 
France  “I  believe  that  the  international 
educational  experience  of  the  ISU  will 
have  very  great  long-term  benefits  in  our 
firm,  our  nation  and  the  world.” 

At  the  INTELSAT  Organization,  115 
nations  own  and  operate  an  expanding 
international  satellite  communications  sys- 
tem which  is  often  referred  to  as  one  of  the 
best  examples  of  successful  multi-national 
space  cooperation.  “It  has  been  our  pleas- 
ure to  support  [the  ISU|  enterprise,”  notes 
Dean  Burch,  the  INTELSAT  Director  Gen- 
eral and  a member  of  ISU’s  Board  of 
Advisors.  “It  is  extremely  pleasing  to  see 
how  successful  the  ISU  program  has 
become  in  such  a short  period  of  time" 


Networking 


The  shaded  regions  on  this  world  map  represent  those  nations  which  sent  their 
top  students  to  ISLT88 


says  Akiyoshi  Kabe  of  Mitsubishi 
Electric  Corporation.  “I  know  I am  only  a 
fax  or  a phone  call  away  from  hundreds  of 
people — space  experts,  astronauts  and 
CEOs — who  are  not  on|y  my  colleagues 
but  also  my  friends.” 

• ISU  Alumna  Marina  Aguiar  of  Brazil 
adds:  "ISU  gave  me  an  excellent  under- 
standing of  how  my  work  in  materials 
science  can  be  used  in  the  development  of 
space,  and  the  multicultural  environment 
helped  to  broaden  my  view  of  the  world.” 

• Vadim  Vlasov,  a Soviet  alumnus  very 
active  in  US-USSR  relations,  noted:  “I  was 
impressed  with  the  expertise,  diversity  and 
enthusiasm  of  the  ISU  faculty  It  was 
extremely  interesting  for  me  to  hear  the 
perspectives  of  faculty  from  14  nations.” 

• "Immediately  following  ISU,  I was 
offered  a job  by  the  Canadian  Astronaut 
Program.  As  one  of  my  first  assignments 
I was  sent  to  the  Soviet  Union  to  discuss 
experimental  procedures  and  logistics  for 

ISU’88  graduates 
Mark  Matossian 
(USA),  Akiyoshi 
Kabe  (Japan) 
andKristiina 
Valter  (Canada) 


two  Canadian  experiments  to  fly  on 
Biocosmos  1989,”  says  Canadian  Alumna 
Kristiina  Valter.  “My  friendship  and  experi- 
ence with  my  12  Soviet  ISU  colleagues  was 
invaluable  in  this  trip  to  the  USSR.” 

• Russel  Hannigan  is  the  youngest  mem- 
ber of  the  British  Aerospace  Hotol  research 
and  development  group.  He  notes,  “My 
experience  at  ISU  and  the  design  project 
activities  allowed  me  to  work  with  a cultur- 
ally diverse  group  of  people,  and  also  gave 
me  the  opportunity  to  gain  knowledge 
which  is  valuable  to  my  work  at  British 
Aerospace.” 

• “When  1 returned  from  ISU  I received  a 


very  important  job  proposal  from  Aeritalia, 
and  now  I am  in  Torino  (Italy)  working 
on  the  Human  Factors  Aspects  of  the 
Columbus  Space  Station,"  says  alumnus 
Francesco  Brunelli.  “1  really  do  have  to 
express  my  warmest  gratitude  to  ISU.  I owe 
it  all  to  ISU.” 

Between  20  June  and  20  August  1988  a 
group  of  outstanding  students  and  young 
professionals  came  together  as  strangers 
and  left  as  friends  and  colleagues.  Coming 
from  21  different  nations,  but  sharing  a 
common  dream  and  the  qualities  of  perse- 
verance, leadership  and  brilliance — these 
students  have  set  out  to  change  the 
world...  together. 
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ANNOUNCEMENT 

An  ISU  Founders  Association  has  been 
established  to  provide  a vehicle  for 
visionary  men  and  women  to  become 
involved  with  and  to  support  ISU’s 
transition  to  a permanent  campus  in 
1992.  For  more  information  on  the 
Founders  Association,  contact: 


INTERNATIONAL 
SPACE  UNIVERSITY 


International  Space  University 
636  Beacon  Street 
Boston,  MA  02215  USA 
FAX:  (617)  247-1832 


Investors  in  Space  Leadership 


The  104-member  ISU  Class  of 1988  at  MIT 


Over  70  corporations  and  government  agencies  in  more  than  20  nations  joined  to 
support  the  ISU  program  when  it  began  in  the  summer  of  1988.  Over  US$1  million  was 
raised  to  finance  ISU  Executive  operations  and  the  innovative  ISU’88  program  held  at 
the  Massachusetts  Institute  of  Technology.  In  1989  and  beyond,  ISU  seeks  to  expand  its 
network  of  supporters  to  include  individuals  and  institutions  to  provide  scholarships, 
curriculum  and  permanent  campus  development.  Space  Biospheres  Ventures  has 
already  commited  a five  year  scholarship  and  Life  Sciences  curriculum  support  to  ISU. 
"We  are  delighted  with  the  ISU  program,  level  of  excellence  and  international  scope, 
and  are  proud  to  be  sponsoring  ISU’s  first  textbook  this  year  in  the  field  of  Space  Life 
Sciences,”  says  Margret  Augustine,  CEO  and  Project  Director,  Space  Biospheres  Ventures. 

European  Space  Agency  Director  General  Reimar  Liist  has  noted  that,  “[ESA]  sup- 
ports not  only  the  ‘principle’  of  the  ISU,  but  also  its  day  to  day  activities.  To  date  this  has 
included  free  advertising  in  Agency  publications,  ISU  brochure  sponsorships  and,  in 
conjunction  with  the  1988  summer  session,  ESA  sponsored  scholarships  and  ESA  staff 
as  visiting  lecturers.”  Lockheed  Corporation  has  contributed  a senior  executive  to 
serve  full-time  on  the  ISU  summer  session  faculty  for  two  months  each  in  1988  and 
1989.  “ISU  is  an  important  force  for  international  space  education  and  awareness.  Few 
programs  offer  a more  inventive  and  forward  thinking  approach  to  this  vital  frontier,” 
says  Lockheed  Chairman  and  CEO  Daniel  Tellep.  “We  applaud  ISU’s  efforts  and  are 
proud  of  our  company’s  role  in  its  continuing  success.” 


ISU  supporters, 
Margret  Augustine 
of  Space 
Biospheres 
Ventures,  Reimar 
Liist  of  the 
European  Space 
Agency  and 
Daniel  Tellep  of 
Lockheed 
Corporation. 
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lerica’s  First 
One  Pound  Silver  Piece 


• Authorized  by  Congress 
and  struck  at  the  U.S. 

Mint  in  Philadelphia. 

• Minted  from  a massive 
one  troy  pound  of  pure 
.999  silver. 

• Measures  a full  three 
inches  in  diameter  and 
almost  a half  inch  thick. 

• Limited  to  a maximum  of 
10,000  pieces  worldwide— 
individually  numbered 
and  registered. 

For  a limited  time  Final  Frontier 
readers  have  the  opportunity  to 
acquire  the  very  first  one  troy  Pound 
Silver  Piece  ever  struck  at  the  U.S.  Mint  at 
special  pre-issue  prices. 

Released  in  this  20th  Anniversary  year  of  our  landing 
on  the  moon,  the  massive  one  pound  “Silver  Astro- 
naut” evokes  proud  memories  of  that  stirring  moment 
when  Neil  Armstrong  planted  man’s  first  steps  on 
the  moon.  Measuring  three  inches  in  diameter  and 
nearly  one-half  inch  in  thickness,  this  colossal  Silver 
Piece  contains  one  full  pound  of  Silver — more  Silver 
than  fifteen  U.S.  Silver  Dollars. 

ONLY  10,000  AVAILABLE 

Each  “Silver  Astronaut”  will  be  individually  die 
struck  up  to  five  times  to  insure  that  every  detail  of 
the  high  relief  sculpture  is  captured.  Each  piece  will 
then  be  hand-polished  to  the  lustrous  finish  so 


highly  desired  by  collectors 
and  investors  alike.  Each  piece 
will  be  carefully  inspected 
and  packed  in  a handsome 
display  box  for  shipment. 

The  precision  minting 
required  for  each  “Silver 
Astronaut”  demands  an  extra- 
ordinary and  time-consuming 
effort.  A strict  mintage  limit 
of  no  more  than  10,000  one  troy 
pound  “Silver  Astronauts,” 
dated  1988,  has  been  set — 
worldwide.  This  unusually  low 
mintage  limit  for  an  official 
U.S.  Mint  issue  virtually 
assures  a quick  sell-out. 

QUANTITY  DISCOUNTS 

The  one  troy  pound  “Silver  Astronaut”  will  be  offered 
to  the  American  public  at  the  established  price  of 
$345  each.  Final  Frontier  readers  can  acquire  them  at 
the  pre-issue  price  of  just  $325.  Substantial  discounts 
apply  for  customers  placing  quantity  orders.  There  is 
an  absolute  limit  of  ten  “Silver  Astronauts”  per  order 
and  all  orders  are  subject  to  acceptance  by  the  Amer- 
ica-In-Space  program. 

ORDER  DEADLINE  - JUNE  15, 1989 
Because  of  the  extremely  low  mintage,  the  “Silver 
Astronaut”  issue  price  and  availability  can  only  be 
guaranteed  on  all  orders  postmarked  before  June  15, 
1989.  All  orders  will  be  filled  on  a strict  first  come, 
first  served  basis. 


RESERVATION  CERTIFICATE 


America  In  Space 

1000  Connecticut  Avenue,  NW,  Suite  9,  Dept.  625 
Washington,  DC  20036 

Please  respond  by  June  15, 1989 

I wish  to  reserve  America’s  First  One  Pound  Silver  Piece(s) 
struck  at  the  U.  S.  Mint  at  the  issue  prices  listed.  I under- 
stand that  all  orders  are  subject  to  acceptance. 

Name 

Street 

City  State Zip 

Phone  No Evening 


□ ONE  “Silver  Astronaut”  for  $325 

(plus  $9  shipping,  handling  & ins.) 

□ TWO  “Silver  Astronauts”  for  $650  postpaid. 

□ THREE  “Silver  Astronauts”  for  $965  postpaid. 

□ FIVE  “Silver  Astronauts”  for  $1575  postpaid. 

□ TEN  “Silver  Astronauts”  for  $2995  postpaid. 

□ Enclosed  please  find  my 

check  or  money  order  for  $ 

□ Please  charge  my: 

□ AMEX  □ DINERS  □ VISA  □ MasterCard 

Account  No Exp.  Date 

Signature 


Each  “Silver  Astronaut”  is  struck  by  the  United  States  Mint  for  the  America-In-Space  program.  The  proceeds  from  this  celebrated  program 
benefit  the  Young  Astronaut  Council,  an  organization  that  advances  the  scientific  education  of  over  600,000  American  school  children. 

FOR  FASTEST  SERVICE  CALL  TOLL  FREE  1-800-222-2990 
(Ask  for  Operator  #625)  24  Hours  a Day 
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One  by  one,  the  four  long,  sharp- 
nosed  craft  emerge  from  their 
Cape  Canaveral  fueling  facilities, 
towed  by  a boxy  white  vehicle  hitched  to 
the  nose  landing  gear  Each  in  turn  tax- 
ies  into  position  at  the  end  of  the  runway. 
A great  roar  booms  across  the  flat 
Florida  grassland,  as  a nearly  transpar- 
ent hydrogen  flame  fills  the  cavernou's 
exhaust  area  on  each  craft's  underside 
and  blasts  to  the  rear.  Ponderously  at 
first,  then  with  increasing  speed,  each 
spaceplane  gathers  headway,  finally 
zooming  from  the  runway  in  a swift  climb 
steeper  than  that  of  any  airliner  Fifteen 
minutes  later  the  last  one  is  gone,  leav- 
ing behind  only  the  fading  echoes  of 
skyborne  thunder. 

Although  winged  spacecraft  have 
been  carrying  astronauts  to  orbit  since 
1981,  never  before  have  two  vehicles 
been  in  flight  at  the  same  time  But  on 
•this  Fourth  of  July  in  2015,  a squadron  of 
four  American  spaceplanes  will  fly  to 
orbit,  virtually  in  formation.  They'll  be 
joined  by  two  European  spaceplanes 
and  two  from  Japan  in  a dramatic  meet- 
ing at  the  International  Space  Station 


These  aren't  rocket-powered  craft,  but 
true  airplanes — able  to  fly  in  the  atmo- 
sphere, reach  orbital  altitudes  above 
100  miles  and  return  to  Earth  at  the  end 
of  their  missions.  Both  NASA  and  the  Air 
Force,  as  well  as  foreign  governments, 
own  and  operate  these  "ultimate  air- 
craft." 

The  Air  Force  particularly  appreciates 
the  ability  to  scramble  into  orbit  on  as 
little  as  an  hour's  notice  During  a mili- 
tary exercise  in  November  2013,  pilots 
flying  F-23  interceptors  launched  anti- 
satellite  missiles  to  destroy  an  obsolete 
s’py  satellite  in  orbit.  By  the  end  of  the 
day  an  Air  Force  spaceplane  had  lofted 
a replacement. 

Other  spaceplanes  fly  reconnais'- 
sance  missions,  having  replaced  the 
old,  slow  SR-71  Blackbirds  of  prior  de- 
cades. Militaryplanners  laud  the  space- 
plane's  ability  to  follow  unpredictable 
paths,  unlike  the  spy  satellites  whose 
orbits  can  be  predicted  weeks  in  ad- 
vance. Reconnaissance  spaceplanes 
can  even  choose  their  speed  and  alti- 
tude, descending  into  the  atmosphere 
to  evade  killer  laser  beams  or  take  par- 


ticularly sharp  photos. 

NASA,  the  Europeans  and  the  Japan- 
ese sometimes  use  spaceplanes  to 
launch  satellites,  but  their  prime  task  is 
to  ferry  astronauts  to  and  from  orbiting 
space  stations.  Back  in  the  days  of  the 
U S.  and  Soviet  space  shuttles  (and  of 
Europe's  smaller  Hermes),  critics  often 
noted  that  the  work  done  by  astronauts 
was  all  very  interesting,  but  that  each 
flight  cost  up  to  several  hundred  million 
dollars.  The  advent  of  spaceplanes 
early  in  this  century  cut  the  price  tag  by 
90  percent,  while  reducing  the  time 
required  to  plan  a mission  from  years  to 
weeks 

As  a result,  the  flight  of  astronauts  has 
become  practical  and  routine.  Orbital 
science  has  moved  beyond  the  old-time 
hype  about  "revolutions"  that  would 
spring  from  work  conducted  on  space 
stations,  The  space  bases  of  2015  are 
valued  for  their  true  worth,  as  interna- 
tional research  centers  on  a par  with  the 
best  labs  on  Earth 

Although  they  use  different  tech- 
niques to  get  to  orbit,  all  three  space- 
plane  fleets — European.  Japanese  and 


w 


American— are  operated  like  airlines, 
with  small  ground  crews  to  prepare  the 
vehicles  quickly  for  flight.  This  is  a 
marked  improvement  over  earlier  space 
shuttles,  which  demanded  several 
thousand  people  working  for  months 
before  each  launch. 

Of  all  the  spaceplanes,  Europe's 
Saenger  is  the  least  straightforward  in 
its  journey  to  orbit.  It  features  a small 
winged  orbiter,  rocket-powered,  that 
rides  piggyback  atop  a hypersonic  air- 
plane. Following  takeoff  from  Toulouse 
in  the  south  of  France,  the  booster  air- 
plane cruises  at  an  altitude  of  80,000 
feet.  It  heads  southwest,  around  the 
western  bulge  of  Africa,  until  it  reaches 
the  desired  latitude — in  this  case  28.5 
degrees  north  for  a rendezvous  with  the 
space  station.  A satellite  launch  mission 
would  take  it  on  an  equatorial  course 
above  the  Gulf  of  Guinea. 

In  a gradual  turn,  Saenger  heads  due 
east  and  rises  to  100,000  feet.  As  it 
flashes  across  the  empty  wastes  of  the 
Sahara  Desert  at  Mach  6.8,  it  lays  down  a 
heavy  sonic  boom.  The  winged  mini- 
shuttle separates  and  flies  to  orbit  using 
its  own  fuel.  Meanwhile,  the  booster  air- 
plane turns  again  and  retraces  its 
course  back  to  Toulouse. 

Similarly,  the  winged  second  stage  re- 
enters the  atmosphere  and  glides  from 
its  orbit  to  the  higher  latitude  of 
Toulouse.  After  an  unpowered  landing,  it 


U.  S.  Companies  are  now  competing  to 
design  the  National  Aerospace  Plane, 
shown  here  in  three  different  artists’ 
concepts.  The  German  Saenger  (below) 
will  have  a passenger  shuttle  mounted  on 
a hypersonic  first-stage  vehicle. 

is  serviced  and  reunited  with  its  booster. 

By  contrast,  the  Japanese  space- 
plane  packs  everything  in  one  single- 
stage  vehicle.  Its  modified  rocket  engine 
"breathes"  oxygen  from  the  atmo- 
sphere, rather  than  carrying  it  in  liquid 
form  as  an  oxidizer  to  burn  hydrogen 
fuel.  This  greatly  improves  the  space- 
plane's  performance,  since  tanked  oxy- 
gen is  very  heavy.  (20th  century 
engineers  used  to  quip  that  carrying  liq- 
uid oxygen  during  a rocket’s  ascent 
through  the  atmosphere  was  like  a fish 
carrying  water  in  a canteen!) 

It  wasn't  easy  designing  the  technol- 
ogy to  feed  air  into  the  engine,  however. 
Rockets  characteristically  work  at  high 
pressure,  and  the  outside  air  must  be 
pumped  to  an  even  higher  pressure  to 
enter  the  engine.  The  Japanese  design 
is  called  “LACE,”  for  Liquid  Air  Cycle 
Engine.  It  relies  on  supercold  hydrogen 
to  chill  and  liquefy  the  incoming  air 
Once  in  a liquid  state,  it’s  easy  to  pump 
this  air  to  very  high  pressures. 

Japan's  spaceplanes  use  LACE 
engines  during  takeoff  and  acceleration 
to  Mach  5.  By  then  the  craft  is  at  85,000 


feet,  where  the  air  becomes  too  thin  to 
be  useful.  Only  then  does  the  plane 
switch  over  to  tanked  oxygen,  proceed- 
ing the  rest  of  the  way  to  orbit  as  a hydro- 
gen-burning rocket. 

America's  spaceplanes  are  equally 
innovative,  operating  with  another  new 
engine  called  the  “ejector  scramjet." 
When  the  craft  flies  at  high  speed,  air 
rushes  through  carefully-shaped  ducts 
mounted  on  the  underbelly.  Fuel  injec- 
tors then  spray  hydrogen  into  this  air- 
flow, heating  and  blasting  it  out  the  back 
to  create  thrust.  But  this  arrangement 
needs  something  extra  at  both  ends  of 
the  flight.  At  low  speeds— below  Mach 
3,  for  instance— the  airflow  is  too  slow 
for  the  scramjets  to  work  properly.  Above 
Mach  20,  as  the  craft  approaches  orbit, 
the  air  is  too  thin. 

Small  rockets  called  ejectors  solve 
both  problems.  During  the  early  stages 
of  flight,  the  ejector's  exhaust  plume 
sucks  in  a flow  of  outside  air.  Hydrogen 
burned  in  this  airflow  adds  to  the  thrust 
of  the  ejector,  allowing  the  spaceplane 
to  take  off  and  gain  speed.  Above  Mach 
20,  this  same  ejector  functions  as  a roc- 
ket in  its  own  right,  giving  the  extra  thrust 
needed  to  reach  orbit. 

None  of  these  spaceplanes  was 
created  overnight;  all  trace  their  origins 
back  to  the  late  1980s.  In  Japan,  a blue- 
ribbon  space  policy  committee  laid  out 
continued  on  page  60 
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The  Magellan  spacecraft, 
built  from  leftover  parts, 
is  about  to  head  off 
for  one  Hell  of  a planet. 

O 

it’s  extraterrestrial  life  you’re  looking  for, 
or  likely  spots  for  off-Earth  industrial 
development,  Venus  is  probably  not 
the  place  for  you. 

Rocks  on  the  planet's  surface  glow 
faintly  at  temperatures  of  900  degrees 
Fahrenheit,  or  half  a turn  past  the  hot- 
test "broil”  setting  on  your  oven  dial. 
The  Venusian  air  is  90  times  as  dense 
as  sea  level  air  on  Earth,  and  is  almost 
entirely  carbon  dioxide.  The  clouds  are 
laced  with  sulfuric  acid.  If  you  survived 
the  descent  through  them  to  step  out- 
side, you’d  be  simultaneously  crushed 
and  fried.  Venus  is  one  of  those  places 
in  the  Solar  System  (Jupiter’s  interior  is 
another)  that  makes  hell  look  like  Club 
Med. 

So  why  send  a space  probe  there? 
“I'm  quite  comfortable  saying  that 
science  is  the  only  justification  for  it,” 


UNVEILING  VENUS 


says  James  Head,  a planetary  geolo- 
gist at  Brown  University  and  a member 
of  the  science  team  for  the  upcoming 
Magellan  mission  to  Venus. 

“I’m  not  talking  about  anything  like 
those  first  Voyager  close-ups  of  Jupi- 
ter's Europa  or  Saturn’s  rings.  That’s 
exploration  and  fascination.  I'm  talking 
about  science.  I'm  talking  about  peer- 
ing down  from  orbit  through  the  Venu- 
sian smog  and  obtaining  results  that 
tell  you  something  fundamental  about 
the  way  planets  work.” 

Equipped  with  radar  for  mapping  the 
surface  of  Venus  in  unprecedented 
detail,  the  Magellan  probe  is  about  to 
be  launched  toward  its  destination 
from  the  space  shuttle  this  spring.  The 
launch  "window"  lasts  from  April  28  to 
May  24.  If  that  opportunity  is  missed,  it 
will  be  another  two  years  before  the 
planets  are  again  properly  aligned. 

Magellan’s  send-off  will  be  an  his- 
toric first  in  its  own  right.  No  planetary 
mission  has  ever  used  the  shuttle  as  a 
booster;  in  fact,  no  new  planetary  mis- 
sion has  been  launched  by  this  country 
since  1978,  when  a Pioneer  orbiter  was 
sent  toward  Venus.  The  shuttle  era  has 

By  Charles  R.  Pellegrino 


Soviet  Venera  orbiters  used  radar  to  map  part  of  Venus’  northern  hemisphere  in  1983 
(top),  including  the  region  around  Maxwell  Montes,  a large,  possibly  active  volcano. 
Soviet  landers  have  also  returned  photos  from  the  rocky  surface;  the  bottom  image  is 
shown  both  in  “natural”  and  white  light. 


been  a time  of  severe  drought  for  U S. 
Solar  System  exploration,  full  of  delays 
and  dashed  hopes.  Magellan  itself  has 
had  three  different  names  since  the 
project  was  first  proposed,  and  at  least 
as  many  launch  dates. 

But  planetary  scientists  are  hoping 
that  this  mission  will  mark  an  end  to  the 
bad  times.  Testing  of  the  spacecraft 
was  successfully  completed  last  sum- 
mer, while  scientists  practiced  taking 
radar  images  of  Venus-like  Iandforms 
in  the  Mojave  Desert.  Magellan  was 
shipped  to  Kennedy  Space  Center  in 
Florida  last  September,  a month  ahead 
of  schedule,  and  now  awaits  its  launch 
from  Atlantis  on  April  28. 

That  same  day,  after  climbing  to  an 
orbit  160  miles  above  Earth,  the  shut- 
tle’s astronaut  crew  will  open  the  vehi- 
cle’s doors  to  allow  Magellan  to  spring 
out  of  the  cargo  bay.  The  probe  will  then 
fly  off  on  its  own  trajectory  using  an 
attached  upper  stage  rocket.  Fifteen 
months  (and  one  and  a half  revolutions 
around  the  Sun)  later,  it  will  arrive  in  a 
nearly  polar  orbit  around  Venus.  There, 
after  a brief  checkout  period,  the 
probe's  radar  instrument  will  begin  the 
laborious  task  of  mapping  the  planet’s 
cloud-hidden  surface,  one  narrow  strip 
at  a time. 

In  terms  of  bulk  composition  and 
size,  Venus  and  Earth  are  virtual  twins: 
A person  standing  on  Venus  would 
weigh  almost  as  much  as  on  Earth.  But 
one  difference  between  the  “twins"— 
perhaps  the  difference — is  that  Venus 
has  always  been  closer  to  the  Sun. 

Four  and  a half  billion  years  ago,  after 
the  Sun's  initial  fires  had  dimmed  to  a 
warm  glow,  Venus,  Earth  and  Mars  lay 
as  dry  and  dead  as  old  bones,  stripped 
entirely  of  whatever  ice  and  vapor  had 
once  covered  their  surfaces.  All  three 
worlds  were  airless  and  Moon-like,  but 
they  also  were  volcanically  active. 
Water  and  other  volatile  elements  per- 
colating up  from  within  could  now 
remain  bound  gravitationally  instead  of 
blowing  away  on  the  solar  wind. 

In  those  formative  years,  when  the 
Sun  was  cooler  than  it  is  today,  water 
might  have  rained  down  upon  the 
Venusian  surface.  But  any  shallow  seas 
„ would  have  been  obliterated  early  in 
§ the  planet's  history.  What  would  ordi- 
g narily  have  swelled  over  time  to  form 
S actual  oceans  (had  Venus  orbited 
| farther  from  the  Sun)  instead 
§ evaporated  to  form  dense  clouds  of 
* water  vapor. 

% The  vapor  acted  as  a heat  trap  for  the 

3 Sun’s  infrared  radiation,  which  in  turn 
prevented  the  recondensation  of  lakes 
and  seas.  High  in  the  atmosphere,  sun- 
light split  the  water  molecules  into 
hydrogen  and  oxygen.  The  lighter 
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hydrogen  floated  up  to  the  edge  of 
space  and.  at  Venus’  distance  from  the 
Sun,  began  blowing  away  on  the  solar 
wind.  The  heavier  oxygen,  meanwhile, 
fell  toward  the  surface  and  combined 
with  carbon  to  form  carbon  dioxide,  the 
ultimate  "greenhouse  gas."  Two  billion 
years  from  now,  when  the  Sun  is 
expected  to  burn  brighter — perhaps 
sooner  if  we  aren't  more  careful — Earth 
will  suffer  the  same  fate.  By  exploring 
Venus,  we  may  be  glimpsing  our  own 
future. 

The  planet  for  which  Magellan  is 
headed  is  quite  different  from  its  ter- 
restrial "twin."  It  has  no  moons  and  no 
magnetic  field,  and  it  rotates  east  to 
west,  in  a direction  opposite  from 
Earth.  Venus  also  spins  very  slowly — 
243  days  for  a single  turn  on  its  axis, 
making  the  Venusian  day  three  weeks 
longer  than  its  year. 

Magellan  will  be  moving  north  to 
south  during  the  closest  part  of  each 
orbit,  when  it  will  map  a narrow  strip  of 
the  surface.  Then  the  spacecraft  will 
loop  out  and  away  from  the  planet  as  it 


Magellan’s  radar  will  map  a narrow  strip  of 
the  Venusian  surface  on  each  orbit,  then 
relay  the  data  back  to  Earth. 

transmits  the  data  back  to  Earth.  Over 
the  course  of  eight  months,  nearly 
every  point  on  Venus  will  pass  at  least 
once  beneath  Magellan’s  gaze— an 
operation  something  like  eating  corn 
on  the  cob  while  slowly  turning  the  cob. 
The  final  map  will  be  made  of  suc- 
cessive, overlapping  strips,  with  only 
the  south  pole  left  unexplored. 

Magellan  carries  no  cameras,  at 
least  not  in  the  conventional  sense. 
Because  Venus  is  shrouded  com- 
pletely in  clouds,  with  never  a break 
showing  through  to  the  surface,  a 
spacecraft  can't  look  down  and  photo- 
graph mountains,  valleys  and  crater 
fields  as  we  were  able  to  do  at  Mars. 
Instead,  Magellan  uses  a device  called 
Synthetic  Aperture  Radar,  which  has 
been  used  to  build  detailed  images  of 
the  Earth  and  its  oceans. 

Radar  pulses  from  Magellan  will 
pass  with  impunity  through  the  Venu- 


sian cloud  cover,  bouncing  off  the 
planet's  rocky  surface  and  returning  to 
the  spacecraft's  radar  receiver.  Indi- 
vidual features  on  Venus  will  be 
“imaged”  based  on  the  time  it  takes  for 
the  signal  to  return  and  how  it  is  dis- 
torted by  Doppler  shift.  At  the  same 
time,  an  altimeter  will  be  able  to  resolve 
height  variations  in  the  Venusian  moun- 
tains and  valleys  as  small  as  100  feet. 

More  than  a decade  ago,  NASA  sent 
the  Pioneer  Orbiter  to  Venus  equipped 
with  a more  primitive  radar  system  than 
the  one  Magellan  carries.  It  mapped  92 
percent  of  the  Venusian  surface,  but 
unless  a boulder  happened  to  be  sev- 
enty miles  wide,  it  would  have  been  too 
small  to  show  up  in  the  pictures. 

Still,  Pioneer  was  able  to  reveal  major 
landforms  on  Venus,  including  the 
“continents"  of  Aphrodite  and  Ishtar, 
the  rugged  highland  regions  and  the 
vast  lowland  plains.  While  these  crude 
maps  hint  at  such  things  as  an  asteroid 
crater  almost  as  large  as  Australia,  the 
individual  hills,  valleys,  fault  lines  and 
lava  flows  from  volcanoes  (if  these 
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exist)  have  never  been  seen. 

In  1983,  the  Soviet  Union  placed  two 
radar-equipped  Venera  spacecraft 
into  Venusian  orbit.  But  the  state  of  the 
art  at  that  time  permitted  the  resolution 
of  peaks  and  troughs  no  smaller  than 
two  miles  across,  and  due  to  their 
cigar-shaped  orbits,  the  probes  were 
able  to  provide  close-up  coverage  of 
only  30  percent  of  Venus  near  the  North 
Pole.  Ground-based  observations 
using  the  giant  radio  telescope  in 
Arecibo,  Puerto  Rico  can  match 
Venera's  resolution,  but  are  also  limited 
in  coverage. 

With  the  Magellan  probe,  scientists 
will  be  able  to  distinguish  features  on 
the  Venusian  surface  as  small  as  250  to 
300  meters  across.  That's  like  being 
able  to  look  down  from  space  and  dis- 
tinguish the  contours  and  city  blocks  of 
Manhattan,  when  the  only  things  you 
could  have  seen  on  previous  radar 
images  were  large  mountain  chains. 

There  was  a time  in  the  history  of 
American  planetary  exploration  when 
every  spacecraft  had  at  least  one 
backup  ready  to  complete  a mission  if 
the  first  probe  failed,  or  to  be  sent  to  a 
second  location  if  it  proved  successful. 


But  there  is  no  spare  probe  to  fling 
toward  Venus.  Magellan  is  one  of  a 
kind,  scavenged  together  from  leftover 
Voyager,  Galileo  and  even  Mariner 
hardware,  and  equipped  with  only  one 
new  science  instrument:  the  radar 
mapper. 

Still,  James  Head  is  delighted.  "The 


key  thing  about  Venus  is  that  it  is  the  last 
stage  in  the  exploration  of  the  inner 
Solar  System,"  he  says.  “It  is  the  mis- 
sing link  in  terms  of  our  understanding 
of  the  terrestrial  planets." 

Indeed,  we  know  very  little  about  our 
Earth-like  neighbor.  A handful  of  Soviet 
landers  have  dropped  down  to  the  sur- 
face and  photographed  the  cracked 
volcanic  rocks.  The  French  and  the 
Soviets  have  sent  instruments  drifting 
through  the  atmosphere  on  balloons. 
But  we've  seen  almost  nothing  of  the 
topography  of  Venus. 

Aside  from  giving  us  more  informa- 
tion for  drawing  conclusions  about  the 
evolution  of  planets,  says  Head, 
Magellan  will  allow  us  to  “take  a look  at 
the  surface  of  Venus  and  ask,  'If  it's  like 
the  Earth,  how  is  it  like  the  Earth?  And  if 
it's  not  like  the  Earth,  why  is  it 
different?"' 

Head  points  out  that  most  geologists 
are  caught  up  in  examining  the  fossil- 
bearing geologic  strata  on  Earth, 
which  reveal  only  the  last  few  hundred 
million  years  of  the  historical  record. 
We  rarely  think  seriously  about  the  first 
half  of  Earth  history — the  more  than 
two  billion  years  when  our  planet  was 


MAG  ELLAN 


Purpose 

To  map  up  to  90  percent  of  the 
surface  of  Venus  in  unprecedented 
detail,  using  cloud-penetrating 
radar. 

Launch:  April  28, 1989  (Launch 
"window"  lasts  until  May  24) 

Arrival  in  Venus  orbit: 

August  10,  1990 

Mapping  mission  begins: 

August  28,  1990 

End  of  main  mission: 

April  28,  1991 

Highest  point  of  spacecraft  orbit 
around  Venus:  4,978  miles 

Lowest  point:  155  miles 


■ Magellan  and  its  attached  Iner- 
tial Upper  Stage  booster  will  be 
released  from  Atlantis  during  the 
shuttle's  fifth  orbit.  The  booster  will 
then  be  fired  to  send  the  probe  on 
its  way  to  Venus. 

■ The  spacecraft  will  orbit  the  Sun 
one  and  a half  times  before  arriv- 
ing at  Venus.  Onboard  rockets  will 
then  fire  to  place  it  in  orbit  around 
the  planet  for  a 243-day  mission. 

■ Magellan  will  take  three  hours, 
nine  minutes  to  complete  each 
orbit.  For  37  minutes  (when  the 
spacecraft  is  closest  to  the  planet) 
the  radar  instrument  will  map  the 
surface.  The  rest  of  the  egg- 
shaped  orbit  is  taken  up  with  cali- 
brations and  relaying  data  to  Earth. 

■ The  radar  instrument  will  reveal 
surface  features  as  small  as  250  to 
300  meters  (about  three  football 
fields)  across,  and  will  detect 
height  variations  with  a resolution 
of  30  meters. 

Magellan’s  electrical  power  is  sup- 
plied by  solar  panels.  Its  12-foot  dish 
antenna  (used  for  the  radar  experi- 
ment) and  spacecraft  “bus”  are  hand- 
me-downs  from  the  Voyager  program. 


Venus  Vital  Statistics 

Radius:  .95  (Earth  = 1) 

Mass:  .82 

Distance  from  Sun:  .72 
Length  of  day:  243  Earth  days 
Length  of  year:  225  Earth  days 

Surface  temperature:  900°  F 

Atmosphere:  Carbon  dioxide 
(96%),  nitrogen  and  trace 
elements 

Moons:  None 
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being  shaped.  We  don’t  have  a very 
good  idea  of  what  was  happening  then, 
because  the  Earth  is  a commotion  of 
winds  and  tides,  and  most  of  the  evi- 
dence has  been  erased. 

Says  Head:  "Venus,  if  it  is  different 
from  Earth,  could  tell  us  what  Earth  was 
like  when  its  surface  was  warmer,  say, 
about  four  billion  years  ago.  So  there's  a 
big  link  with  Earth.  The  mapping  mis- 
sion is  going  to  tell  us  one  hell  of  a lot 
about  the  nature  and  history  of  the 
Earth.” 

We  know  already  that  there  are  Venu- 
sian plateaus  as  large  as  Australia,  and 
something  that  looks  like  a land-locked 
version  of  the  mid-Atlantic  ridge  that  is 
now,  even  as  you  read,  pushing  Europe 
and  North  America  apart  at  about  the 
same  rate  as  human  fingernails  grow. 

“Yes,  but  is  it  really  a divergent  plate 
boundary?"  wonders  Head,  referring  to 
the  huge  crustal  plates  that  ride  on 
convection  currents  in  the  Earth’s  inte- 
rior, causing  continental  drift.  These 
shifting  plates  have  carried  bits  of 
China  across  thousands  of  miles  of 
ocean  floor  as  though  they  were  par- 
cels on  a conveyor  belt,  and  plastered 
them  against  California.  Plates  have 


Pioneer  Venus  radar  data  showed  the 
planet's  major  geographic  features,  with 
highlands  appearing  green  and  yellow, 
and  low  areas  blue.  Magellan  (opposite) 
will  produce  a much  more  detailed  map. 

crashed  India  into  China  and  pushed 
up  the  Himalayas  between  them.  The 
same  process  is  presently  prying 
Egypt  and  Israel  apart  to  create  a new 
ocean — the  Red  Sea  truly  is  parting, 
on  a time  scale  unimaginable  to  Moses. 

“We  like  to  think  we  are  seeing  conti- 
nental plate  boundaries — things  com- 
parable to  the  Red  Sea  and  the  Hima- 
layas on  Venus,"  says  Head.  “But  to 
move  in  and  look  at  it  in  detail  is  what  we 
really  want  to  do,  to  see  whether  [the 
boundaries]  exist  or  not." 

Detail  is  what  Magellan's  map  will 
provide.  If  there  were  oceans  on  Venus 
in  some  primitive  past,  the  map  may 
even  show  ancient  shorelines.  After  the 
spacecraft’s  main  mission  ends  in  April 
1991,  exactly  two  years  to  the  day  after 
launch,  scientists  hope  to  use  the  orbi- 
ter  to  map  the  southern  regions  it  will 
have  missed,  and  to  conduct  studies  of 
the  planet’s  gravity  field. 

As  we  send  our  electronic  sensory 


organs  forth  into  the  frontiers  of  the 
night,  radar  and  cameras  at  the  ready, 
a new  field  of  comparative  planetology 
is  emerging,  and  we  are  beginning  to 
understand  our  place  in  the  Solar  Sys- 
tem. "What  good  is  that?”  scientists  like 
James  Head  are  often  asked.  “What’s  it 
going  to  do  except  make  a few  scien- 
tists happy?” 

The  answer  is  that  you  never  know. 
We  acquire  new  knowledge  and 
develop  new  technologies,  and  we 
never  can  tell  what  they  may  one  day 
be  used  for.  Eighty-eight  years  ago, 
President  William  McKinley  was  shot 
while  touring  a science  exhibit.  The 
new  x-ray  machine  only  a few  steps 
away  might  have  saved  him— no  one 
thought  to  use  it  for  locating  and 
removing  a bullet.  The  Chinese  say 
they  have  found  the  skeleton  of  a Stone 
Age  man  who  froze  to  death  only  two 
meters  from  an  outcrop  of  coal. 

You  never  know.  □ 

Charles  Pellegrino  is  a scientist  and  the 
author  of  several  books  on  science  and 
exploration,  including  Chariots  for 
Apollo:  The  Untold  Story  Behind  the 
Race  to  the  Moon. 
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STS-29 


ammonia  convection  cooling 
for  space  station  Freedom, 
shut  down  automatically 
after  only  ten  minutes  when 
heat  built  up  too  quickly  for 
the  ammonia  to  transport  it 
down  the  pipe's  51-foot 
length  to  a space  radiator. 
The  astronauts  later  re- 
activated SHARE  but  shut  it 
down  after  only  two  hours, 
again  because  of  overheat- 
ing. CHROMEX,  an 
investigation  of  plant  root 
growth  in  zero-g.  also  experi- 
enced electrical  problems, 
forcing  the  astronauts 
periodically  to  take  manual 
temperature  readings. 

The  astronauts  reported 
good  Earth  photography 
runs  using  the  large-format 
IMAX  camera;  the  film 
obtained  during  the  mission 
will  be  made  into  a new  IMAX 
movie  to  replace  The  Dream 
is  Alive.  They  also  obtained 
samples  from  the  Protein 
Crystal  Growth  (PCG)  exper- 
iment that  investigators  hope 
may  lead  to  new  phar- 
maceutical drugs  for  use  on 
Earth. 

There  was  a drop  in  pres- 
sure in  one  of  the  hydrogen 
tanks  feeding  the  orbiter's 
fuel  cells  that  provide  elec- 
tricity. As  a precaution, 
Mission  Control  told  the  crew 
to  turn  down  the  cabin  lights 
and  shut  off  unnecessary 
electrical  equipment. 

DAY  3 

Early  morning  TV  images 
sent  down  by  Discovery’s 
astronauts  showed  the  orbi- 
ter  traveling  tail-first  into  a 
magnificent  sunrise.  It  was 
the  first  of  several  telecasts 
that  day  intended  to  give 
Earthbound  watchers  a feel 
for  what  it's  like  to  fly,  live  and 
work  in  space. 

In  the  afternoon,  astronaut- 


LAUNCH: 

9:57  A.M.  EST,  March  13, 

1989,  Pad  39B,  Kennedy 
Space  Center,  Florida 

LANDING: 

6:36  A.M.  PST,  March  18, 
1989,  Edwards  Air  Force 
Base,  California 

ORBITER: 

Discovery 

ALTITUDE: 

160-177  nautical  miles 

CREW: 

Michael  L.  Coats, 
Commander 
John  E.  Blaha,  Pilot 
James  F Buchli,  Robert  C. 
Springer,  James  PBagian, 
Mission  Specialists 
PRIMARY  PAYLOAD: 
NASA's  fourth  Tracking  and 
Data  Relay  Satellite 
(TDRS-4) 

OTHER  PAYLOADS: 

SHARE 

CHROMEX 

Protein  Crystal  Growth 
IMAX  camera 
Chicken  Embryo 
Development 

Effects  of  Weightlessness  on 
Healing  Bone 
For  the  second  time  in  six 
months,  Discovery  and  a 
five-astronaut  crew  were 
assigned  to  carry  a NASA 
Tracking  and  Data  Relay 
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Satellite  into  orbit.  Unlike  the 
first  post-Challenger  mission 
last  September,  however,  this 
time  there  was  a full  slate  of 
science  and  technology 
experiments  on  tap  as  well. 

DAY1 

After  a hold  of  nearly  two 
hours  for  ground  fog  and 
high-altitude  winds,  Dis- 
covery made  a picture- 
perfect  ascent  into  orbit.  On 
the  way  up,  the  astronauts 
looked  for  and  photo- 
graphed debris  from  the 
shuttle's  huge  external  tank. 
Shuttle  managers  suspected 
bits  of  the  tank's  insulation 
had  damaged  Atlantis'  ther- 
mal tiles  on  Mission  27 

Six  hours  into  the  mission, 
Discovery's  crew  prepared 
to  release  their  primary 
cargo,  the  Tracking  and  Data 
Relay  Satellite  (TDRS).  There 
was  a flurry  of  anxiety  just 
nine  minutes  before  deploy- 
ment of  the  satellite  and  its 
attached  Inertial  Upper 
Stage  (IUS)  booster,  when 


onboard  instrument 
readings  falsely  indicated 
failure  of  two  IUS  computers. 
Mission  controllers  quickly 
resolved  the  problem,  and 
the  TDRS/IUS  combination 
gently  sailed  out  of  Dis- 
covery's cargo  bay.  Seven 
hours  and  two  successful 
rocket  burns  later,  TDRS-4 
was  on  its  way  to  its  test  and 
checkout  location  at  150°  W 
Longitude. 

A fully  operational  TDRS 
system  will  allow  NASA  to 
close  or  transfer  almost  all  of 
its  expensive  ground  track- 
ing stations,  ultimately 
saving  $27  million  annually. 

DAY  2 

Discovery’s  crew  activated 
experiments  and  tested  the 
orbiter’s  Text  and  Graphics 
(TAGS)  system,  a super-fax 
machine  that  receives 
photo-quality  images. 

The  Space  Station  Heat 
Pipe  Advanced  Radiator  Ele- 
ment (SHARE),  an 
experiment  to  test  liquid 
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physician  Jim  Bagian  and 
Discovery’s  commander 
Mike  Coats  demonstrated  an 
ultrasonic  medical  experi- 
ment designed  to  measure 
blood  flow  in  weightlessness 
(“i  can  actually  confirm  that 
there  is  blood  flow  in  Mike's 
brain,”  quipped  Bagian). 
Later,  pilot  John  Blaha  gave 
viewers  a tour  of  the  orbiter's 
mid-deck  area.  There  were 
light  moments  as  the  camera 
picked  up  the  signs  and 
stickers  mounted  by  the 
astronauts  to  give  their 


NAS/Vs  fourth  Tracking  and  Data  Relay  Satellite  (opposite),  was 
launched  just  six  hours  into  the  flight  The  crew  took  this  unique 
photograph  of  the  jettisoned  external  fuel  tank  (top),  and  later 
filmed  the  Earth’s  surface  with  a variety  of  cameras. 


spaceliner  a homey  touch. 
Most  eye-catching  was  a 
tribute  to  the  Shuttle  Mission 
Evaluation  Team  that  pro- 
cesses requests  for  action 
called  “chits”:  A large  em- 
blem emblazoned  with  a 
Texas-sized  cowboy  boot 
honored  the  team's  prowess 
as — what  else? — “Chit 
Kickers.” 

SHARE  again  was  deac- 
tivated after  only  28  minutes. 
Engineers  on  the  ground 
theorized  that  bubbles  were 
forming  in  the  liquid 
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Mission  specialist  James  Bagian  sorts  through  audio  cassette 
tapes  (used  for  recording  biomedical  data)  in  the  shuttle's 
mid-deck. 


ammonia  during  the  device's 
re-heating  cycle.  More  suc- 
cessful were  the  "AMOS” 
tests,  as  sensors  at  the  Air 
Force  Maui  Optical  Site  got 
two  good  data  takes  when 
Discovery  passed  over  the 
Hawaiian  Islands.  The 
cooperative  project  between 
NASA  and  the  Air  Force 
allows  precise  calibration  of 
the  electro-optical  instru- 
ments on  Maui. 

The  astronauts  received  a 
"GO’’  to  power  up  all  of  the 
spacecraft’s  lights  and  sys- 
tems after  the  recalcitrant 
hydrogen  ‘.ink  began  to 
work  at  the  proper  pressure 
and  temperature. 

DAY  4 

Discovery's  crew  put  in 
their  own  “wake-up”  call  to 
Mission  Control  with  a re- 
corded message  from  actor 
William  Shatner  as  his  Star 
Trek  alter  ego  Admiral  Kirk. 
Also  on  the  astronauts’ 
agenda  was  a phone  and 
video  linkup  with  President 
Bush.  The  President  praised 


the  mission's  success  and 
vowed  “to  go  forward  with  a 
strong,  active  space 
program.” 

Student  researcher  John 
Vellinger  watched  as  the 


crew  performed  mainte- 
nance on  his  chicken 
embryo  experiment.  The 
goal  of  the  experiment  was 
to  determine  if  chicken 
embryos  can  develop  nor- 


mally when  exposed  to 
zero-g,  which  may  have 
implications  for  humans’ 
ability  to  live  and  procreate 
in  space. 

The  astronauts  made  yet 
another  attempt  at  running 
the  balky  SHARE.  Jim  Buchli 
tried  a labor-intensive  tech- 
nique of  turning  the  heaters 
on  and  off  manually,  which 
initially  produced  good 
results.  When  SHARE  was 
allowed  to  run  automatically, 
however,  some  segments 
dried  out. 

DAY  5 

Before  Discovery’s 
astronauts  stowed  their  gear 
and  deactivated  experi- 
ments for  the  return  trip 
home,  there  were  a handful 
of  mission  objectives  to 
meet.  One  involved  naviga- 
tional sightings  on  the  Sun  to 
determine  if  the  orbiter’s 
Inertial  Measurement  Units 
could  be  aligned  in  an 
emergency. 

The  crew  wrapped  up  the 
experiment  on  bone  healing 
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. . .is  the  number 
to  call  for 
Dial-A-Shuttle® 


The  National  Space  Society  is  continuing  its 
Dial-A-Shuttle®  service  with  the  upcoming  flight  of 
STS-30.  Following  the  successful  deployment  of  the 
Tracking  and  Data  Relay  Satellites,  Dial-A-Shuttle® 
now  offers  expanded  coverage  of  actual 
transmissions  from  the  crew 
aboard  the  orbiter. 

Call  24  hours  a day. 
$2.00  for  the  first  minute,  45C  for  each 
additional  minute. 

Sponsored  by 
National  Space  Society, 
922  Pennsylvania  Ave.,  SE, 
Washington,  D.C.  20003-2140. 
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“Now  the  fun  begins.”  Blaha,  Bagian,  Coats,  Buchli  and  Springer 
(left  to  right)  pose  with  their  spaceliner  on  the  landing  strip  at 
Edwards. 


in  weightlessness,  in  which 
four  rats  had  tiny  holes 
drilled  in  non-weight  bearing 
bones.  Student  investigator 
Andrew  Fras  hoped  to  deter- 
mine if  bone  calcium  loss 
during  spaceflight  impeded 
the  body's  ability  to  heal 
fractures.  And  mission  spe- 
cialists Bob  Springer  and 
Jim  Bagian  reported  on  the 
success  of  the  crystal 
growth  experiment,  noting 
that  it  had  produced  "some 
of  the  finest  crystals  we've 
gotten  samples  of  so  far.” 

DAY  6 

As  a record  crowd  of 
450,000  people  gathered  in 
the  Mojave  Desert  to  watch 
Discovery  land,  the 
astronauts  were  notified  of  a 
minor  change  in  the  flight 
plan:  The  mission  would  end 
on  the  concrete  runway  at 
Edwards  rather  than  on  the 
dry  lakebed. 

NASA  had  hoped  to  find 
out  how  well  the  shuttle  flies 
like  an  airplane  by  landing  in 
a crosswind.  When  winds 


across  the  dry  lake  died  out, 
the  backup  plan  to  perform 
tests  of  the  spaceplane’s 
revamped  brakes  was 
substituted. 

The  astronauts  fired  Dis- 


covery's maneuvering 
engines  to  come  home  as 
they  swept  over  Madagas- 
car. During  the  fiery  reentry 
there  was  no  loss  of  tele- 
metry and  only  a brief 


dropout  of  voice  signals.  The 
ability  to  transmit  through  the 
TDRS-3  satellite  launched 
last  September,  coupled  with 
the  28.4  degree  orbital 
inclination  of  Mission  29, 
eliminated  the  usual  com- 
munications blackout. 

Long-range  cameras  at 
Vandenberg  Air  Force  Base 
picked  up  amazingly  clear 
pictures  of  Discovery  as  it 
zoomed  over  the  California 
coast  at  150,000  feet.  Just 
minutes  later,  Mike  Coats 
and  John  Blaha  brought  the 
orbiter  in  over  the  Mojave 
Desert  to  execute  another 
flawless  shuttle  landing. 

NASA  officials  were  exu- 
berant. Already  they  were 
looking  forward  to  the 
Magellan  and  Galileo  plane- 
tary missions,  and  the 
launch  of  the  Hubble  Space 
Telescope  in  December. 

Dick  Truly,  the  agency's 
associate  administrator  for 
space  flight,  neatly  summed 
up  NASA's  attitude  in  four 
words: 

“Now  the  fun  begins.”  □ 
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From  the  pioneering 
flight  of  Yuri  Gagarin  to 
today  's  orbiting  space 
stations.  Salyut  7 and  Mir.  this  oversized, 
illustrated  reference  guide  provides  an  unparalleled 
perspective  on  the  Soviet  Union's  commanding 
presence  in  space.  Illustrated  with  200 
photographs.  100  in  color— many 
never  before  published. 


A rare  behind-the- 
scenes  look  at  the 
Soviet  Union's  efforts 
(and  failure)  in  developing 
supersonic  commercial  transport  to  rival 
the  Concorde.  Soviet  SST  examines  the  enormous 
disparity  between  the  USSR's  public  worship  of 
science  and  its  real  backwardness  in  key  critical 
technologies.  Illustrated  with  photographs.  ^ 


Backward  Universe 


The  Happy  Looker 


nerry  Meyers  volunteered  his 
six-year-old  son,  Nicholas,  for 
patriotic  duty.  The  father  and  son 
trained  at  their  Racine,  Wisconsin, 
home  at  night,  under  cover  of  dark- 
ness, to  strengthen  their  ocular  mus- 
cles. They  risked  blind  spots,  lunar 
luminous  hypnosis  and — most 
dreaded  of  all — missing  Cosby. 

Meyers  and  more  than  1,500  volun- 
teers nationwide  were  participating  in 
asimpleyetvaluable  mission:  Towatch 
for  the  Moon.  This  massive  observa- 
tional experiment,  dubbed  “Moon- 
watch  1988,”  was  directed  by  the  U.S. 
Naval  Observatory  in  Washington,  D.C. 
and  NASA’s  Goddard  Space  Flight 
Center  in  Greenbelt,  Maryland.  The 
results  showed  precisely  where  U.S. 
observers  could  catch  the  first  visible 
sliver  of  a New  Moon. 

For  an  hour  and  a half  on  the  night  of 
the  experiment,  Terry  and  Nicholas 
Meyers  searched  for  the  New  Moon. 
They  didn’t  see  it,  but  that  didn’t  extin- 
guish a budding  amateur’s  enthusiasm. 
“We  camp  a few  times  a year  up  in 
northern  Wisconsin,”  Meyers  says. 
“From  there  we  can  pick  up  the  cloud  of 
the  Milky  Way.  It's  a very  dark  location.” 
Data  gathered  by  the  volunteers — 
among  them  kids,  retirees,  housewives 
and  corporate  executives — proved  to 
the  professional  astronomers  that 
western  locations  can  see  a New  Moon 
better  than  their  eastern  partners. 

Amateurs  with  backyard  tele- 
scopes rarely  come  up  with  the 
kinds  of  stellar  discoveries  that 
make  headlines,  but  their  ob- 
servations can  be  valuable  to 
the  community  of  professional 
astronomers,  nonetheless. 

One  organization  looking  for  a 
few  good  amateurs  is  the  Amer- 
ican Association  of  Variable 
Star  Observers  in  Cambridge, 
Massachusetts. 

“Most  of  our  work  is  done  by 
amateur  astronomers,”  said 
Janet  Mattei,  the  association’s 
director.  “We  exist  because  of 
them.” 

Every  clear  evening  in  com- 
munities across  the  country, 


Sometimes  amateur  stargazers  can 
help  out  the  pros 

TTY 

By  Bla  ine  E Friedlander 

AAVSO  members  track  stars  that  vary  in 
brightness,  velocity  and  spectral  type. 
Last  year  they  contributed  250,000  ob- 
servations. Because  it  wants  amateurs 
to  get  involved,  the  AAVSO  fits  observ- 
ing programs  to  a newcomer's  location 
and  ability,  and  even  provides  star- 
finder  charts.  Observers  range  in  age 
from  10  to  80,  but  a person  must  be  16  to 
be  a full-privileged  member.  Most  im- 
portantly, said  Mattei,  “we  need  some- 
body with  time  on  his  or  her  hands.” 
Amateurs  sometimes  discover  new 
comets,  even  though  your  chances  are 
remote  unless  you  live  in  a desert  with 
clear,  light-free  skies.  Still,  the  same 
rules  apply  for  the  backyard  observer 
as  for  the  PhD  at  a major  observatory: 
whoever  sends  in  the  first  telegram 
announcing  a bona  fide  discovery  to 
the  International  Astronomical  Union 
gets  the  comet  named  after  him  or  her. 

Ever  since  the  fifth  grade,  David  Des- 
kins wanted  to  catch  one  dim  sky 
object:  Comet  Halley.  But  his  home  in 
Pikeville,  Kentucky,  is  far  from  any 
major  observatory.  “I  wanted  to  see 
that  rascal,”  he  recalls. 
Twenty-something  years  ago,  Des- 


kins decided  to  educate  himself  about 
the  universe.  “There  were  no  clubs,  no 
one  I could  talk  to  at  the  local  level,”  he 
says.  “I  was  compelled  to  look  up— 
and  I started  to  see  more." 

The  cosmic  love  affair  with  the  stars 
forced  Deskins  to  lie  about  his  age  to 
get  a construction  site  job.  At  age  15,  he 
saved  his  money  for  a four-inch  refract- 
ing telescope.  Years  after  he  began 
casually  scanning  the  heavens,  Comet 
Halley  arrived  above  Kentucky. 
Deskins  quickly  realized  he  was  the 
only  man  around  who  knew  where  the 
comet  could  be  sighted,  and  he  invited 
anyone  who  wanted  to  see  it  to  come 
over  and  watch. 

Halley's  visit  lasted  several  months, 
and  the  love  affair  paid  off.  Deskins  col- 
lected hundreds  of  Halley  photo- 
graphs, all  taken  by  amateurs  from 
around  the  world.  His  book,  Looking 
Back:  Amateur  Adventures  with  Hal- 
ley's Comet  1985-1986,  was  published 
in  1987 

There’s  nothing  to  stop  an  amateur 
from  enjoying  the  night  sky,  even  when 
it's  just  for  fun.  One  minor  investment 
can  help  you  dazzle  your  friends  at 
summer  lawn  parties:  a planisphere, 
also  known  as  a star  finder,  which 
shows  you  the  constellations  at  any 
given  moment.  Treat  it  likea  bible.  Ifyou 
try  to  memorize  every  constellation 
you’ll  only  frustrate  yourself.  Instead, 
look  for  one  constellation  every  night 
foraweek — you'll  soon  pickout 
the  other  sky  stuff  easily.  That's 
when  astronomy  becomes 
fulfilling. 

Although  LeRoy  Doggett  of 
the  Naval  Observatory  was  sur- 
prised by  how  many  people 
volunteered  for  Moonwatch  last 
summer,  he  wasn't  surprised  to 
learn  that  most  of  them  gained 
something  from  the  experience. 

“One  lady  in  West  Virginia 
drove  to  an  observing  spot 
while  listening  to  Brahms  in  her 
car,”  Doggett  says.  “She  told 
me  she  didn’t  see  the  Moon,  but 
had  a good  time.  We  got  a lot  of 
people  looking  at  the  sky.  I think 
that’s  terrific.”  □ 
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Earthly  Pursuits 


Back  In  Time 


o one  had  seen  the  Mission 
Santa  Fe  de  Toloco  for  nearly 
three  centuries — not  since  maraud- 
ing British  soldiers  had  sacked  and 
burned  the  place  in  1702.  But  with  the 
help  of  an  airborne  heat-sensing  scan- 
ner developed  by  NASA,  archaeolo- 
gists in  Florida  recently  were  able  to 
trace  the  hidden  outlines  of  the  mis- 
sion's three  main  buildings  by  noting 
subtle  differences  in  soil  temperature 
in  an  empty  pasture. 

All  in  a day’s  work  for  the  space-age 
archaeologist. 

Time  travel  may  be  impossible,  but 
remote  sensing  technology  is  helping 
a new  generation  of  scientists  do  the 
next  best  thing:  study  past  civilizations 
through  the  artifacts  they  left  behind. 

Special  sensors  aboard  spacecraft, 
aircraft  and  balloons — and  even  some 
that  are  hand-held — are  allowing 
archaeologists  to  make  important  dis- 
coveries that  would  be  impossible  with 
more  traditional  techniques. 

“I  think  we  are  witnessing  a revolu- 
tion in  archaeological  research,"  says 
Farouk  El-Baz,  director  of  the  Center 
for  Remote  Sensing  at  Boston  Univer- 
sity, which  specializes  in  the  new 
archaeological  methods. 

Every  archaeologist  faces  the  ques- 
tion of  where’s  the  best  place  to  dig.  In 
years  past,  expeditions  made  hit-and- 
miss  decisions  on  where  to  excavate, 
based  on  the  locations  of  previous  dis- 
coveries or  even  just  gut  feelings. 
Remote  sensing  reduces  some  of  the 
guesswork;  images  of  a region  taken 
from  above  can  guide  diggers  to  the 
most  promising  sites. 

For  example,  the  outlines  of  an 
ancient  settlement  often  are  invisible  to 
a ground-based  observer  but  clear 
from  a high  vantage  point.  Hills  may 
indicate  where  items  are  buried,  and 
even  subtle  changes  in  color  can  be 
important  clues.  As  a result,  says  El- 
Baz,  “You  don’t  have  to  pock-mark  the 
whole  territory,  as  if  it  were  hit  by  a 
thousand  bombs”  before  you  hit 
paydirt. 

Remote-sensor  archaeology  even 
allows  scientists  to  answer  questions 
that  traditional  archaeology  can’t  han- 


Indiana  Jones  meets  Buck  Rogers 

▼ T ▼ 

By  Vincent  Kieman 

die,  such  as  how  a civilization  was  dis- 
tributed over  a large  area.  "In  some 
cases,  there  might  be  no  need  for  dig- 
ging at  all,”  El-Baz  points  out. 

As  an  example,  he  cites  research  by 
three  Boston  University  archaeologists 
who  studied  the  ancient  Greek  city  of 
Corinth  in  1986.  Using  a video  multi- 
spectral  camera  carried  800  meters 
aloft  by  a blimp,  the  trio  recorded 
nearly  half  a million  images  of  the 
nearby  seaport  of  Lechaeum,  the 
Roman  forum  and  Greek  gymnasium, 
and  the  citadel  of  Arcocorinth.  Even 
with  preliminary  computer  processing 
of  the  images,  the  researchers  have 
found  hints  of  ground  features  that  war- 
rant a closer  look. 

El-Baz  is  no  newcomer  to  the  field  of 
remote  sensing.  He  served  on  NASA’s 
panel  for  selecting  sites  for  the  Apollo 
lunar  landings  and  for  ten  years 
directed  the  Center  for  Earth  and 
Planetary  Studies  at  the  National  Air 
and  Space  Museum.  A former  science 
advisor  to  Egypt's  late  president  Anwar 
Sadat,  El-Baz  applied  remote  sensing 


Pharoah’s  4,600  year-old  funeral  barge 


to  study  that  country’s  heritage  in  late 
1987  At  the  Egyptian  government's 
request,  he  organized  a project  to 
examine  and  photograph  a 4,600-year- 
old  funerary  boat  sealed  in  a limestone 
chamber. 

El-Baz  calls  the  technique — which 
uses  a special  air  lock,  drills,  and 
remote-controlled  cameras — “video 
archaeology.”  He  and  the  National 
Geographic  Society  now  are  discus- 
sing with  the  Chinese  government  the 
possibility  of  using  similar  systems  to 
explore  the  tomb  of  a Chinese  emperor. 

Recently  the  Boston  University  cen- 
ter trained  16  mid-career  archaeolo- 
gists in  the  use  of  remote  sensing. 
According  to  El-Baz,  they  have  used 
their  new-found  knowledge  at  sites 
from  Arkansas  to  southern  France. 

Not  all  archaeologists  are 
enthusiastic:  El-Baz  still  encounters 
skepticism  and  sometimes  even  out- 
right opposition  among  older  scien- 
tists. “Many  archaeologists  of 
yesteryear  have  not  been  trained  with 
fancy  instruments,  are  not  computer 
whizzes.  They  don’t  even  know  how  to 
handle  a computer,"  he  says. 

And  the  science  itself  still  is  in  its 
infancy.  As  an  example,  El-Baz  notes 
that  there  are  no  guidelines  on  the  best 
type  of  imagery  to  use  for  any  particu- 
lar archaeological  application.  The  lim- 
ited resolution  of  available  imagery 
also  poses  a roadblock:  Although  spy 
satellites  are  reputed  to  be  able  to  read 
license  plates,  the  systems  aboard 
civilian  satellites  are  much  less 
powerful. 

“You’re  lucky  if  you  get  [a  resolution 
of]  10  meters,”  El-Baz  laments,  adding 
that  the  Soviet  Union  has  sold  some 
imagery  with  six-meter  resolution. 

El-Baz  is  confident  that  future 
improvements  in  resolution  will  con- 
vince increasing  numbers  of 
archaeologists  to  join  ranks  with  the 
geographers,  geologists  and  other  sci- 
entists who  already  recognize  the 
value  of  remote  sensing: 

"Archaeologists  are  beginning  to 
come  to  the  fold  and  recognize  that 
here  is  a tool  that  really  can  do  wonders 
for  them.”  □ 
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Boundaries 

The  Case  of  the  Missing  Planet 


nhe  case  began  on  February 
18,  1930,  the  day  astronomer 
i Clyde  Tombaugh  found  Pluto,  the 
j ninth — and  so  far  farthest — planet 
I from  the  Sun. 

Tombaugh  discovered  the  tiny 
| planet  by  searching  an  area  which  had 
; been  predicted  by  astronomer  Percival 
i Lowell  back  in  the  19th  century  to  be  a 
; likely  spot  for  discovering  a “new” 
! world.  By  comparing  two  sets  of  photo- 
I graphs  taken  six  days  apart,  Tom- 
j baugh  could  tell  if  any  change  had 
i taken  place  in  that  particular  section  of 
i sky. 

Eureka!  On  that  February  afternoon, 
i one  little  point  of  light  “moved”  as  only 
; a planet  would  appear  to  move.  Clyde 
| Tombaugh  was  overjoyed — at  least  for 
; a while. 

The  search  for  a ninth  planet  had 
: been  motivated  by  known  irregularities 
i in  the  motions  of  Uranus,  the  seventh 
i planet  from  the  Sun.  The  discovery  of 
: Neptune,  the  next  planet  outward, 
; explained  in  part  why  Uranus  behaved 
j as  it  did — but  only  in  part.  What’s  more, 

; Neptune’s  orbit  also  was  found  to  be 
j perturbed.  Astronomers  figured  there 
; had  to  be  another  planet  out  there 
i somewhere,  a massive  body  with  a 
; powerful  gravitational  field. 

But  Pluto  wasn't  it. 

The  trouble  with  Pluto  was  its  size, 
j The  new  planet  was  only  1,370  miles 
: across,  and  weighed  only  15.6  billion 
i billion  tons — a large  figure  if  you're 
I talking  carry-on  luggage,  but  just  a bit 
i of  dust  on  the  cosmic  scale,  far  too 
i small  to  affect  other  planets'  orbits.  In 
; fact,  some  astronomers  questioned 
j whether  Pluto  should  be  classified  as  a 
; planet  at  all;  perhaps,  they  said,  it 
j should  be  lumped  together  with  the 
j thousands  of  small  rocky  asteroids, 
i Clyde  Tombaugh  didn’t  agree,  and 
; said  so — vehemently.  But  even  he 
j admitted  that  Pluto  was  very  small 
; indeed,  and  that  there  had  to  be 
; another  “Planet  X”  out  there  some- 
I where. 

Still,  skeptics  abound.  After  review- 
; ing  many  types  of  orbital  measure- 
i ments,  John  Anderson  of  NASA's  Jet 
; Propulsion  Laboratory  has  found  no 


Does  “ X ” mark  the  spot? 

T T T 

By  Beatrice  S.  Smith 

unexplained  planetary  perturbances 
dating  back  as  far  as  1910.  Anderson 
also  analyzed  the  motions  of  the  twin 
spacecraft  Pioneer  10  and  11  as  they 
cruised  the  outer  reaches  of  the  Solar 
System.  If  a massive  Planet  X were  fol- 
lowing a typical  solar  orbit,  it  should 
have  exerted  a gravitational  pull  on  the 
tiny  free-floating  twin  spacecraft.  In 
fact,  said  Anderson,  even  a small 
planet  would  tug  at  the  Pioneers  if  it 
were  close  enough. 

“I  didn’t  expect  Planet  X to  perturb 
the  Pioneer  spacecraft,"  counters 
Robert  Harrington  of  the  U.S.  Naval 
Observatory  in  Washington.  Accord- 
ing to  Harrington,  who  co-discovered 
Pluto’s  moon  Charon  in  1978,  Planet  X is 
small— only  two  to  five  times  Earth's 
mass.  He  also  has  a ready  explanation 
for  why  the  Pioneers’  paths  stayed  true: 
Both  spacecraft  stayed  in  the  plane  of 
the  Solar  System,  but  the  orbit  of  Planet 
X is  inclined  30  to  40  degrees.  Harring- 
ton also  claims  the  path  of  Planet  X 
around  the  Sun  is  “eccentric,"  or  much 
farther  away  at  its  greatest  distance 
from  the  Sun  than  at  its  closest. 

Curiously,  Pluto  also  has  an  eccen- 
tric orbit.  Neptune's  large  moon  Triton 
circles  in  the  opposite  direction  from 


most  planetary  satellites,  and  a smaller 
moon,  Nereid,  also  takes  an  unusual 
path.  All  of  this  intrigued  Harrington.  In 
1978  he  and  his  colleagues  revived  an 
idea — first  proposed  in  the  1930s— 
that  Pluto,  Triton  and  Nereid  all  were 
originally  satellites  of  Neptune.  When 
an  unknown  planet  came  uncomfort- 
ably close  to  Neptune,  the  intruder’s 
gravity  reversed  the  orbit  of  Triton, 
elongated  the  orbit  of  Nereid  and 
booted  Pluto  from  the  system 
altogether. 

After  running  computations  to  see 
what  kind  of  body  could  have  caused 
such  havoc,  Harrington  found  that  the 
unknown  planet  had  to  have  a mass 
two  to  five  times  that  of  Earth,  and  might 
now  lie  in  an  eccentric  orbit — much 
the  same  as  the  proposed  Planet  X. 

Another  intriguing  speculation,  by 
University  of  Southwestern  Louisiana 
astrophysicist  Daniel  Whitmire,  has 
Planet  X at  one  time  passing  through 
the  ring  of  comets  surrounding  the 
Solar  System.  Comets  pulled  along  by 
Planet  X's  gravity  could  have  smashed 
into  Earth,  throwing  enormous 
amounts  of  debris  into  the  atmosphere 
that  would  block  out  sunlight.  Plants 
would  have  died  en  masse,  followed  by 
the  animals  that  depended  on  them  for 
food.  And  that  would  tidy  up  the  long- 
standing case  of  the  disappearing 
dinosaurs. 

“Nonsense!”  says  Brian  Marsden  of 
the  Harvard-Smithsonian  Center  for 
Astrophysics.  Marsden — a friend  of 
Harrington’s — thinks  that  other  expla- 
nations, including  observational  or 
instrumental  error,  have  to  be  consid- 
ered before  “jumping  to  wild  conclu- 
sions" about  mystery  planets  and  the 
like. 

But  Harrington  insists  he's  “better 
than  50  percent  certain”  Planet  X 
exists,  probably  in  the  southern  celes- 
tial hemisphere.  He  now  has  a team  of 
astronomers  in  New  Zealand  taking 
photographs  which  they  send  back  to 
Washington,  where  Harrington  exam- 
ines them  for  clues  to  the  mystery  of 
Planet  X. 

And.  he  intends  to  keep  searching 
until  he  finds  the  solution.  □ 
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THE  PICTORIAL  HISTORY  Of  WORLD 
SWCECRAFT.  Over  200  photos!  From 
Sputnik  I through  the  Shuttle,  satel- 
lites, and  the  Voyagers  of  the  80's. 
Hardcover:  $17.95  #07. 

BONUS! 


Bvy  books. 


Fisher  Space  Pen 


MARS 


MARS:  OUR  FUTURE  ON  THE  RED 
PIANET.  Robert  AA  Powers  takes  us 
along  on  the  first  trip  to  Mars  and 
outlines  how  we  can  begin  coloniza- 
tion. Hardcover:  $17.95  #08. 


LIFT-OFF:  THE  STORY  OF  AMERICAS 
ADVENTURE  IN  SPACE.  By  former  astro- 
naut Michael  Collins.  A spellbinding 
account  of  one  of  mankind's  most 
awesome  odventures . . The  U.S. 
manned  space  program.  Hardcover: 
$24.95  #09. 


SPACE  STATION  FRIENDSHIP:  A VISIT 
WITH  THE  CREW  IN  2007  Author  Dick 
Lattimer  has  reserved  a berth  for  you 
on  the  spoce  station  in  the  year  2007 
Hardcover:  14.95  #10. 


THE 

Ml  NUMENTS 

of  MARS 


THE  MONUMENTS  Of  MARS:  A CITY  ON 
THE  EDGE  OF  FOREVER.  Chronicles  the 
politically  explosive  discovery  of  a 
humanoid  face  on  Mara  and  other 
amazing  artifacts.  By  Richard  Hoaglond. 
Paperback:  $14.95  #11. 
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BEFORE  UFT-OFF:  THE  MAKING  OF  A 
SPACE  SHUTTLE  CREW.  An  unprece- 
dented look  at  how  shuttle  astronauts 
ore  trained.  Henry  S.F.  Cooper,  Jr.  tells 
the  story  of  the  41-G  crew.  Hardcover: 
$1850  #12. 


Final  Frontier  Space  Books:  2400  Foshoy  Tower,  Minneapolis,  MN  55402 

To  order  by  phone  call:  (612)  332-3001 


• I IT. 
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Merchandise  Total 

■ tostoge:  Add  $250  for  1st  book- 
* $100  for  each  additional  book 
I Grand  Total 

| (MN  residents  odd  6%  sales  tax) 


State  Zip 

Bonus!  Buy  two  books... Get  a Fisher  Space  Pen  fas!  4 

j Indicate  by  order  # your  choices: 
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Global  Currents 


Other  Voices 


nhink  of  the  international  press 
corps  covering  a space  shut- 
i tie  launch,  and  you  probably  picture  a 
: polyglot  assortment  of  reporters 
I eagerly  gathered  at  Florida’s  Kennedy 
: Space  Center,  cameras  and  tape 
i recorders  at  the  ready. 

In  fact,  many  foreign  press  agencies 
i don't  have  the  personnel  or  budget  for 
; this  type  of  reportage.  They  may  drop 
; in  at  the  Cape  or  Flouston  occasionally, 
: but  they're  more  apt  to  talk  with  their 
; American  media  counterparts  or  tele- 
| phone  their  questions  in  to  NASA.  They 
I read  American  newspapers,  listen  to 
i the  radio,  or  put  their  feet  up  and  watch 
; the  Cable  News  Network  coverage. 

On  television,  says  London  Times 
: correspondent  Mohsin  Ali,  “You  can 
i see  the  close-ups  and  how  people 
i react.  How  many  questions  do  you  get 
; to  ask  in  a gang  of  reporters?”  Ali 
i targets  his  reports  to  the  British  lay  per- 
i son,  trying  to  find  a middle  ground 
i between  technical  jargon  and 

i oversimplification. 

News  of  the  U.S.  space  program  is 
: front-page  stuff  throughout  most  of 
i Europe— on  launch  day,  anyway.  Fol- 
; low-up  stories  are  given  lesser  priority, 
j but  they  still  have  an  audience.  One 
i newsman  who  did  visit  Houston  during 

: last  December's  Atlantis  mis- 
i sion  was  Ullrich  Schiller, 

; bureau  chief  of  the  West  Ger- 
i man  Broadcasting  Company's 
! Channel  2.  He  dropped  by  just 
i as  a new  shower  for  the 
i NASA/international  space  sta- 
i tion  was  being  unveiled,  and 
i his  piece  on  this  latest  technol- 
i ogy  was  carried  by  almost  all 
i the  stations  in  his  satellite  link. 

"They  hadn’t  heard  about 
i humanistic  things  in  quite  a 
; while,"  he  said  of  German  audi- 
i ences.  “They  want  the  most 
: minuscule  details  of  fact — 

I stories  on  cross  winds,  what  the 
: astronauts  eat.” 

Thomas  Nehls,  his  colleague 
i at  Germany's  Channel  1,  thinks 
; his  main  job  is  not  to  report  on 
! the  nuts  and  bolts,  but  to  con- 
i vey  a sense  of  what  the 


How  Europe  sees  America’s  space 
program 


By  Jean  Paschke 

American  people  think  about  space 
and  other  issues.  He  said  that  banners 
go  up  and  news  stories  appear  in  West 
Germany  on  the  anniversaries  of  Amer- 
ican space  events. 

Agence  France  Presse  correspon- 
dent Jean  Vandoorne  reports  quite  a 
bit  of  interest  in  space  “when  it's  French 
rockets.  There  is  more  interest  in  the 
French  astronaut  [Jean-Loup  Chretien] 
who  was  with  the  [Soviet]  Mir  crew." 
Vandoorne  and  his  colleagues 
reported  on  the  tenth  anniversary  of 
the  orbiting  of  Venus  by  Pioneer  12,  but 
he  found  the  resumption  of  shuttle 
flights  uninteresting,  on  the  whole. 

Nehls  and  Schiller  both  thought  West 
Germany's  reaction  to  Discovery's  mis- 
sion was  the  same  as  America’s:  a 
mixture  of  relief  and  the  doubt  that 
always  lingers  about  piloted  flight. 

“I  don't  see  any  significant  difference 
between  here  and  Germany,"  said 
Schiller.  “We  really  bent  over  backward 
to  cover  every  aspect  of  it.  I can’t  imag- 


ine more  American  coverage.” 

Mohsin  Ali  of  the  London  Times 
thinks  each  flight  is  newsworthy,  espe- 
cially those  shrouded  in  secrecy:  “A 
spy  satellite  to  monitor  military  move- 
ments. The  lead  writes  itself,”  he  says. 

The  leads  certainly  wrote  them- 
selves the  day  of  the  Challenger 
disaster.  The  reactions  of  horror,  dis- 
tress and  sadness  were  the  same 
everywhere,  but  there  were  subtle 
differences  of  opinion  on  what  was 
newsworthy  and  what  was  not. 

“There  was  nothing  special  about 
Christa  McAuliffe  here,”  said  Schiller 
about  West  Germany.  “She  was  just 
one  of  the  crew.” 

“(My  readers)  don't  remember  she 
was  a teacher,"  said  Vandoorne.  “They 
remember  she  was  a woman.” 

“We  had  the  same  basic  values  and 
outlooks,  the  same  human  reaction 
that  you  had,"  said  Ali  of  his  British 
readers.  “We  had  to  consider  what 
went  wrong,  how  it  will  affect  the  U.S. 
space  program  and  how  far  it  will  put 
the  U.S.  behind  the  Soviets."  He  found 
great  significance  in  the  fact  that 
McAuliffe  was  a teacher,  chosen  espe- 
cially to  share  the  knowledge  she 
gained  from  her  flight.  Ali  thinks  she 
had  proper  training,  and  that  she  wasn't 
merely  filling  a slot  that  should 
have  been  occupied  by  a “real” 
astronaut. 

His  countryman  James 
Burke,  who  was  chief  BBC 
correspondent  for  the  Apollo 
lunar  landing  missions,  and 
who  is  probably  best  known  for 
his  PBS-BBC  productions 
“Connections"  and  “The  Day 
the  Universe  Changed,” 
sharply  disagrees: 

“I  believe  that  putting  civi  I- 
ians  on  the  shuttle  was  a 
mistake,  because  it  enhanced 
the  view  that  the  shuttle  was  not 
an  experimental  vehicle.  No 
astronaut  I’ve  ever  met  agreed 
with  it.  I mean,  it  was  a PR  job!” 
"The  spreading  of  education 
is  a PR  job,”  counters  Ali.  “How 
do  you  spread  knowledge?  All 
publicity  isn't  bad."  □ 
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THE  GLASS  LADY 

The  Space  Shuttle  Novel 
By  D.J.  Savage 


ASTRONOMY  says: 

“...written  with  exquisite  attention  to 
creating  realistic  shuttle  operations...  [T]he 
reader  flies  the  mission... as  it  really  is 
flown.” 

- PUBLISHERS  WEEKLY: 

“Thoroughly  researched... [R]eads  like  a 
manual.” 

Gordon  Baxter,  FLYING: 

“D.J.  Savage  has  set  the  standard  for  the 
literature  of  spaceflight.” 


Request  THE  GLASS  LADY  at  your  bookstore,  or 
order  from  Daring  Books:  Post  Office  Box  20050; 
Dept.  FF;  Canton,  OH  44701 
Hardbound  $16.95  Paperback:  $9.95  (6"  x 9") 
Please  add  $2.00  for  handling. 

Ohio  residents,  please  add  5%  sales  tax.  Visa/MC 
accepted.  Tel:  1-800-445-6321 


Editor’s  Note: 

An  accidental,  collector's  book:  THE  GLASS  LADY  is  about  the 
space  shuttle  Challenger.  Published  six  months  before  the  Challenger 
explosion,  the  book  is  about  flight  onboard  Challenger.  When  the  first 
printing  has  been  exhausted,  the  plates  will  be  changed  to  avoid  add- 
ing offense  to  tragedy. 


Call  Gregory  M.  Sprigg  or  CJ.  Oropeza 

1-800-525-4348 

FIRST  EAGLE,  INC. 

Colorado  Residents  call  (303)  694-0088 

This  announcement  is  neither  an  offer  to  sell  nor  a solicitation  of  an 
offer  to  buy  any  of  these  securities.  The  offer  is  made  only  by  the 
Prospectus,  copies  of  which  may  be  obtained  in  any  state  as  may 
lawfully  offer  these  securities  in  compliance  with  the  securities  laws  of 
such  states. 


Outer  Space 

starts  at  your  feet... 

We  take  it 
from  therein*  ^ 


mM 


A reflecting  telescope  of 
1 14mm  aperture.  Equa- 
torial mount  with  slow- 
motion  controls.  900mm 
focal  length,  yet  easily 
portable.  Tracking 
motor  available. 


Once  upon  a time... 

You  had  an  interest  in  astronomy.  You  found  the 
night  sky  exciting.  Mystifying!  So  you  bought  a typical 
"first  telescope"  at  the  department  store.  Soon,  excite- 
ment turned  to  dismay  as  you  learned  the  telescope 
couldn't  deliver  all  it  promised.  So  you  sold  it,  or  put  it  in 
the  attic.  And,  disappointed,  you  forgot  the  cosmos. 

It  doesn't  need  to  be  that  way! 

Select  one  of  our  quality  telescopes  and  you'll 
immediately  notice  they  differ  greatly  from  so-called 


Perfect  for  the  view-home 
or  your  own  backyard! 
Elegant  80mm  refractor 
with  sturdy  alt-azimuth 
mount  and  slow-motion 
controls  for  beautiful 
views  of  Jupiter,  Saturn, 
and  the  Moon! 


"department  store"  models...  ours  work!  We  also 
offer  several  excellent  "how-to"  books  to  help  you 
get  started.  Order  our  catalog  TF-89  today,  $1 .00. 


101  WEST  MAIN  ■ P.O.  BOX  2001 
ARDMORE,  OKLAHOMA  73402 
405/226-3068 


7ST  ROCK’N'ROLL  SPACE  VIDEO 


Rare  space  shots  of  unknown  planets. 
Voyager  traveling  through  the  rings  of 
Saturn  and  shuttle  missions  all  perfectly 
matched  to  the  equally  intriguing  Rock  N' 
Roll  space  music. 

Beatles  - "Across  the  Universe" 

Elton  John  - "Rocket  Man" 

Police  "Walking  on  the  Moon" 

Pink  Floyd  - "Eclipse" 

Jonathan  King  - "Everyone's  Gone  to 
the  Moon" 

Steve  Miller  Band  - "Serenade  from 
the  Stars" 

Video  runs  30  magnificent  minutesl 
Available  in  VHS  onlyl  ^ ^ 

ROCKSTAR  PRODUCTIONS 
PO.  BOX  131 

SOUTHEASTERN,  PA  19399 

SEND  CHECK  OR  MONEY  ORDER! 

THE  FIRST  ROCK  N’  ROLL  SPACE  VIDEO! 
“ROCK  WITH  THE  STARS"  - 
$24.95  + POSTAGE 

Please  add  $4.00  for  each  video  tape 
ordered  to  cover  postage  and  handling. 
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The  Soviet  Manned  Space  Program 
by  Phillip  Clark 
Orion  Books 
192  pages.  $24.95 

By  William  Barton 

n a sense,  the  Soviet  Union 
has  had  an  “official,”  state- 
sanctioned  space  program  since  the 
founding  of  the  Leningrad  Gas  Dynam- 
ics Laboratory  in  1929.  Others  date  the 
country’s  space  efforts  from  that  day  in 
1945  when  Sergei  Korolyov,  the  Soviet 
Union’s  answer  to  Wernher  von  Braun, 
was  put  in  charge  of  the  ballistic  missile 
program. 

In  that  context,  it’s  astonishing  how 
little  Americans  know  about  these 
space  pioneers.  This  is  partly  due  to 
Soviet  secrecy,  but  also  to  our  own  inat- 
tention. More  silliness  has  been  written 
about  the  Soviet  space  program  than 
any  subject  aside  from  UFOs. 

This  stylishly  produced  large-format 
book  lays  to  rest  many  of  the  ill- 
founded  rumors  and  theories  about 
what  the  Russians  have  been  up  to  in 
space  for  the  last  three  decades.  The 
Soviet  Manned  Space  Program  is  filled 
with  photographs  and  lavish  illustra- 
tions covering  all  aspects  of  space- 
flight,  including  cutaway  diagrams  of 
the  major  vehicles.  The  accompanying 
text  discusses  the  evolution  of  the  var- 
ious Soviet  programs  in  a way  that’s 
easy  to  follow,  without  talking  down  to 
the  reader  who  may  be  encountering 
some  of  this  information  for  the  first 
time. 

The  British  Interplanetary  Society’s 
Phillip  Clark  is  an  acknowledged 
authority  on  the  Soviet  space  program. 
Coming  as  he  does  from  the  centuries- 
old  British  tradition  of  Russophilia,  he 
avoids  the  condescending  style  of 
some  American  writers  who  treat  the 
Soviet  program  in  a derogatory  way, 
focusing  only  on  problems  and  errors. 
The  book  also  has  none  of  the  anti- 
Americanism  that  occasionally  taints 
the  work  of  some  British  writers.  When 
he  makes  comparisons  between  U.S. 
and  Russian  efforts,  they  are  fair  and 
impartial. 


Clark  traces  the  evolution  of  flight 
programs  in  a revealing  way,  showing 
not  only  what  the  Soviets  actually  did, 
but  also  what  they  intended  to  do.  For 
example,  the  Voskhod  program  (the fol- 
low-on to  the  Soviets’  first  piloted  craft, 
Vostok)  consisted  only  of  one  three- 
man  “stunt”  flight  and  Alexei  Leonov’s 
brief  space  walk  in  1965.  But  Clark 
writes  that  Voskhod  originally  was  to 
have  included  a much  longer  flight,  a 
manned  biosatellite,  a spacewalk  by  a 
woman  and,  incredibly,  a journalist-in- 
space program  that  was  not  canceled 
until  after  Sergei  Korolyov  died  in  1966. 
If  Earthly  politics  had  not  intervened, 
the  Soviet  program  of  the  1960s  would 
have  seemed  much  more  impressive. 

The  book  perpetuates  very  few  of  the 
old  guesses  that  used  to  be  taken  as 
gospel  regarding  the  Soviet  space  pro- 
gram. In  a final  speculative  chapter, 
where  he  discusses  how  the  Soviets 
might  have  gone  to  the  Moon  in  1970 — 
and  how  they  might  try  again  in  the 
1990s — Clark  gives  us  a drawing  of  the 
failed  Moon  rocket  that  seems  clearly 
derived  from  the  old  “megapound 
module”  concept.  It’s  curious  that  the 
design  still  has  wide  acceptance 
today,  since  a similar  theory  about  the 
Soviets’  Proton  launcher  proved  ludi- 
crously wrong. 

The  Soviet  Manned  Space  Program 
will  give  the  reader  a solid  grounding  in 
the  basics  of  Soviet  space  technology, 
and  is  a valuable  addition  to  any  inter- 
national space  library.  □ 

William  Barton  is  a science  fiction 
author  and  long-time  observer  of 
Soviet  space  efforts.  He  currently  is 
working  on  a novel  about  Soviet 
attempts  to  capture  asteroids  for 
space  industrialization. 


II  the  books  written  about  the 
Soviet  space  program  over 
the  years  probably  would  need  an 
“Energiya”  booster  to  lift  them  into 
orbit.  Nevertheless,  there  are  several 
good  overall  reference  works  which 
should  be  part  of  your  Soviet  space 
bookshelf: 
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Race  into  Space:  The  Soviet  Space 
Programme  (John  Wiley  & Sons,  1988) 
by  Brian  Harvey,  is  a broad  survey  of 
Soviet  space  efforts  from  the  days  of 
Konstantin  Tsiolkovsky  up  to  the  pres- 
ent and  future.  The  author  has  to  cover 
a lot  of  ground  in  370  pages;  don't 
expect  an  exhaustive  treatment  of  any 
particular  subject.  The  book  lacks 
color  photos,  and  Harvey's  prosaic 
writing  style  gets  a bit  taxing,  but  he 
does  a credible  job  of  touching  all  the 
bases. 

Red  Star  in  Orbit  (Random  House, 
1981)  and  The  New  Race  for  Space 
(Stackpole  Books,  1984),  by  James  E. 
Oberg.  Oberg  has  a free-swinging, 
anecdotal  style  that  will  appeal  to  most 
readers.  Besides  plenty  of  good  infor- 
mation, you'll  probably  get  a feel  for 
Soviet  space  thinking  not  found  in 
other,  more  academic  works. 

The  Soviet  Cosmonaut  Team  (GRH 
Publications,  1986),  by  Gordon  R. 
Hooper,  is  a compendium  of  biographi- 
cal sketches  on  every  Soviet  and 
Intercosmos  spacefarer  from  A (Aksy- 
onov) to  Z (Zudov).  The  sections  on 
cosmonaut  selection  and  crew  assign- 
ments are  a bonus. 

Soviet  Space  Programs,  1981-1987, 
Vol.  1 (Government  Printing  Office, 
1988).  This  U.S.  government  account  of 
Moscow's  space  program  is  the  latest 
in  a series  of  Congressional  Research 
Service  reports  dating  back  to  1962.  It 
probably  packs  more  facts  per  page 
than  most  popular  books.  Check  with 
the  GPO  for  availability  of  earlier 
volumes. 

Finally,  Imported  Publications  of 
Chicago  offers  a number  of  Soviet 
space  books  in  English  translation. 
Current  titles  include  Space  Flights 
Serve  Life  on  Earth,  by  Alexander  Koval 
and  Lev  Desinov,  and  Into  Space,  a 
child’s  pop-up  book  by  cosmonaut 
Vitaly  Sevastyanov.  The  toll-free  num- 
ber is  800-345-2665. 
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Space  Exploration  with  NASA  photographs  and  T 
Space  Art  reproduced  in  high-quality,  custom 
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pressive  Gifts 
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ustom  Sizes  • Quantity  Discounts 
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>r  FREE  COLOR  BROCHURE 
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or  write:  Horizon  Discovery  Group,  Inc. 
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Join  our  growing  family  of 
space  enthusiasts  from  around 
the  World 

Low  annual  membership. 
Bi-monthly  newsletter.  Free 
publications  and  much,  much 
more. 

Write  today  for  your  FREE 
membership  package 
containing  all  you  need  to  join. 

Society  for  the  Advancement 
of  Space  Activities,  SASA 
1797  Cessna  Street 
Carlisle,  PA  17013 


KEEP  THE  DREAM 


ALIVE 


I WANT  TO 
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Americans  want  to  fly  the  Shuttle  even  more!  These  Hanes 
50/50  T-shirts  support  space  initiatives  by  the  non  profit  World 
Space  Foundation,  sponsor  of  the  Solar  Sail  and  Asteroid 
Projects.  Research  is  funded  by  people  around  the  world,  with 
help  from  the  Jet  Propulsion  Laboratory,  Charles  Lindbergh 
Fund  and  others.  Free  information  with  each  order. 

© 1987  World  Space  Foundation.  "I  Want  to  Go"  and  "Keep  the  Oream  Alive"  are 
trademarks.  Please  allow  4 8 weeks  delivery.  Satisfaction  guaranteed  or  full  refund  for 
return  within  30  days. 

Please  add  $2.00  per  order  for  shipping  & handling.  CA  residents  add 
sales  tax. 
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Spaceplanes 

continued  from  page  39 

plans  for  the  early  21st  century  as  early 
as  1987  Very  soon,  the  Mitsubishi  com- 
pany was  working  on  LACE,  the  most 
important  of  the  new  technologies  and 
the  hardest  to  develop. 

During  the  1990s,  Japanese  com- 
panies were  increasingly  active  in  laying 
the  groundwork  for  a future  spaceplane. 
The  project  was  formally  under  way  by 
1997  and  in  2006  the  first  prototype  flew 
to  orbit.  With  this  success,  the  Japanese 
could  claim  to  be  a spacefaring  power 
on  a par  with  any  other  in  the  world. 

American  efforts  stemmed  from  the 
early  National  Aerospace  Plane  pro- 
gram, which  ran  from  1986  to  1996.  This 
Air  Force  and  NASA  project  designed 
and  built  the  experimental  X-30  space- 
plane — the  world’s  first — which  hustled 
into  orbit  on  scramjets  in  September 
1996.  But  the  X-30  was  purely  a research 
craft,  and  carried  no  useful  payload. 
America’s  real  spaceplane  operations 
with  a cargo-carrying  craft  didn’t  begin 
until  2003.  That  kept  the  Americans 
ahead  of  the  fast-charging  Japanese, 
but  only  barely. 

Europe's  Saenger  has  a similarly 
lengthy  pedigree.  Late  in  the  1980s 
France’s  aerospace  industry  got  the 
jump  on  Germany  by  building  both  the 
Ariane  5 heavy-lift  rocket  and  the 
Flermes  mini-shuttle  for  the  European 
Space  Agency.  Executives  at  Mes- 
serschmitt-Boelkow-Blohm,  West  Ger- 


many’s largest  aerospace  company, 
were  determined  that  the  next  major 
space  effort  by  the  European  Commu- 
nity would  be  in  response  to  their  own 
design.  MBB  convinced  the  German 
government  in  Bonn  to  kick  in  enough 
money  for  an  initial  five-year  program  of 
studies,  running  through  1992.  That  led 
to  a subsequent  eight-year  effort,  which 
built  an  experimental  version  of  Saen- 
ger’s  hypersonic  first  stage. 

When  the  Ariane  5/Flermes  devel- 
opment effort  ended  around  2000,  the 
Germans  were  next  on  the  runway.  They 
readily  won  full  European  backing  for 
the  two-stage  Saenger,  mollifying  the 
French  by  using  a great  deal  of  Flermes 
technology  in  the  Saenger  second 
stage.  Eight  years  and  $20  billion  later, 
Saenger  was  in  full  operation. 

As  a bonus,  that  same  Saenger  first 
stage,  suitably  modified,  now  carries 
paying  passengers  on  commercial 
flights  across  the  Pacific  and  between 
the  world’s  major  cities.  In  essence,  the 
designers  simply  removed  one  of  the 
main  hydrogen  fuel  tanks  and  replaced 
it  with  a cabin  for  230  people.  This 
changeover  worked  rather  easily,  thanks 
to  serendipity:  Passengers  have  about 
the  same  density — five  pounds  per 
cubic  foot — as  liquid  hydrogen. 

Several  hundred  of  these  sleek  black 
airliners  are  now  in  service,  their  vast 
delta-shaped  wings  and  twin  vertical 
tails  making  them  look  as  if  they  could 
break  the  sound  barrier  just  sitting  on 
the  ground.  With  a range  of  7000  miles 


and  a speed  of  Mach  4.4,  they  turn  the 
old  grueling  fifteen-hour  trans-Pacific 
flight  into  a smooth  three-hour  hop. 

Even  a flight  into  orbit  now  has  the 
same  sense  of  routine.  The  explorers  are 
elsewhere:  at  the  lunar  base,  or  prepar- 
ing for  the  next  international  mission  to 
Mars.  But  in  Earth  orbit,  astronautics  is 
off  the  front  pages  and  on  the  business 
pages,  along  with  other  “gee-whiz" 
technologies  of  yesteryear,  supercon- 
ductors and  genetic  agriculture. 

Space  near  the  Earth,  in  2015,  is 
merely  an  upward  extension  of  the 
atmosphere.  Advanced  designers  are 
already  planning  the  next  generation  of 
spaceplanes,  which  they  hope  will  be 
inexpensive  enough  to  permit  tourists  to 
fly  to  the  world's  first  orbiting  hotel. 

If  the  last  ten  years  or  so  is  any  guide, 
it’s  not  too  early  to  start  planning  your 
reservations....  □ 

T.A.  Heppenheimer  is  a frequent  con- 
tributor to  Final  Frontier  and  the  author  of 
The  National  Aerospace  Plane,  pub- 
lished by  Pasha  Publications. 


Artificial  Gravity 

continued  from  page  30 

Whether  I’d  happily  do  it  again  on  the 
thousand  and  one  nights  of  a mission 
to  Mars  is  another  question.  For  one 
thing,  flat  on  the  back  with  hands  at 
sides  is  not  a comfortable  posture  for 
most  humans  who  are  still  breathing. 
For  another,  to  conserve  space,  several 
beds  would  probably  be  arranged 
spoke-like  around  a hub  of  rotation. 
Who  could  sleep  head-to-head-to- 
head  like  so  many  fishsticks  on  a micro- 
wave-safe plate? 

Back  in  Washington,  Lemke  has  a 
hunch  that  the  best  artificial  gravity 
system  for  a long,  stressful  flight  is  the 
one  that  minimizes  Coriolis  effects  and 
most  closely  duplicates  Earth’s — a 
long  radius,  with  a slow  rate  of  rotation. 
Fie  tinkers  at  blackboard  and  computer 
with  the  possibility  of  two  craft  joined 
by  a flexible  tether  the  length  of  five 
football  fields.  Questions  buzz.  Flow  to 
control  them?  Flow  to  slow  the  system 
down?  Only  two  things  are  certain.  It 
will  be  at  least  a decade  before  we  get 
the  ideas  all  ironed  out.  And  when  we 
do,  we’re  guaranteed  to  have  a solution 
that  would  make  old  Isaac  Newton's 
head  spin.  □ 

C.  J.  Houtchens  is  a slightly  dizzy 
Washington  D.C.-based  freelance 
writer  who  may  never  ride  the  merry- 
go-round  again.  Her  last  piece  for  Final 
Frontier  was  a profile  of  jazz  saxophon- 
ist Jane  Ira  Bloom. 


"The  Eagle  has  landed!" 

JULY  20,  1989 
IS  THE  20TH 
ANNIVERSARY 
OF  MANS  FIRST 
LANDING  ON 
THE  MOON. 


To  commemorate  this  historic  event,  we  are  offering  high  quality 
photographic  prints  of  the  original  painting  of  the  Apollo  11  design. 
This  insignia  was  worn  by  the  Apollo  1 1 crew  on  their  first  Lunar 
Landing  Mission. 

The  painting  was  autographed  by  astronauts  Neil  Armstrong,  Michael 
Collins  and  Buz  Aldrin  in  1969.  These  are  the  only  prints  available 
showing  the  astronauts'  signature. 

The  prints  are  full  color,  signed  by  the  artist,  Jim  Cooper,  and  are  the 
same  size  as  the  original-  20  in.  X 20  in. 

Prints  are  $80  each,  including  shipping  and  tax. 

: COOPER  GRAPHICS 

P.O.  Box  271364 
Houston,  Texas  77277 
Phone:713-984-2123 


Send  check  or  money  order  to 
The  Apollo  11  design  is  on  the 
reverse  side  of  both  the  Eisenhower 
and  Suzan  B.  Anthony  dollars. 


SPACE 

Alamogordo 


CENTER 

New  Mexico 


FEATURES 

FOUR  FLOOR  SPACE  MUSEUM 
OMNIMAX®  THEATER 
AIR  AND  SPACE  PARK 
ASTRONAUT  MEMORIAL  GARDEN 
SHUTTLE  CAMP 

in-state 

out-of-state  1-800-634-6438  or 
1 -800-545-402 1 1 -505-437-2840 

Please  call  for  a free  Information  packet. 
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SPACE  COLLECTIBLES 


ROCKETRY 


MISCELLANEOUS 


RIGHT  STUFF:  NASA  * ESA  * USSR  Space  Catalog 
Patches  - Medals  - Insignia  - Books  - Toys  - Kits 
A Decade  of  Worldwide  Service  - Catalog  $2  STAR 
REALM,  7305  South  85  St.,  Omaha,  NE  68128 


LIMITED  EDITION 

1st  Manned  Lunar  Landing  | 
20th  Anniversary  Plate 

Artfully  etched  in  the  center  of  an  8" 
commemorative  glass  plate,  100%  Satis- 
‘ faction  Guaranteed.  Reserve  yours  before  Sept.  30. 
Send  $32.50  to:  Etch-N-Things  Dept.  MB.  P.0.  Box  268. 
Worthington,  Ohio  43085.  Also  available  at  the  Neil  Arm- 
strong  Air  & Space  Museum,  Wapakoneta,  OH. 


SPACE  SHUTTLE  PROGRAM  exciting  color  prints 
collection.  For  catalog  and  sample  send  $1.00  to 
SPACE  COLLECTION,  Box  701-E  Cape  Canaveral, 
FL  32920 


"Do  You  Believe  in  the  Dream?” 
Wear  the  Shuttle— Wear  the  Badge. 
Tie  tacks,  stickpins,  brooches  & 
keychains  produced  with  laser  sharp 
color  photos.  Send  SASE  for  flyer  to: 
Des  Postages 
4529  S.W.  Hamilton  Terrace 
Portland,  OR  97201 
DEALERS  WANTED 


WRITE  WITH  THE  PEN  THAT  WROTE  ON  THE 
MOON! 

Limited  edition  solid  bronze  coin  and  gold  plated 
pen  set  commemorating  the  20th  anniversary  of 
America’s  first  lunar  landing.  Fisher  Space  Pen 
writes  upside  down,  under  water,  in  freezing  and 
boiling  temperatures.  Guaranteed.  Only  $19.95  + 
$1.50  postage.  Write  to:  Final  Frontier  Pen,  2400 
Foshay  Tower,  Minneapolis,  MN  55402 


METEORITES! 

BEAUTIFUL  GEMS  FROM  SPACE 

Display  stands,  space  jewelry,  books, 
photographs.  Catalog  $2.  (Refundable) 

BETHANY  TRADING  COMPANY 

I^Stf LaTCH  A FAU|NS 

CT  06525  l/H 1 V (203)  393-3395 


SIX  PATCHES  ORIGINALLY  DESIGNED  BY  NASA  for 
placement  below  the  triangular  Space  Shuttle  proj- 
ect patch.  Each  4"  x 1 " with  different  wording:  KSC, 
JSC,  etc  Red  and  gold  embroidery.  All  six  $15.  Only 
130  sets  left.  SHUTTLE  PROJECT  PATCHES,  5803 
Ryland  Drive,  Bethesda,  MD  20817 


SERIOUS  COLLECTORS!! 

30-YEARS:  INTERNATIONAL  SPACE  INSIGNIA  PINS 
AUTHENTIC  Official  designs,  genuine  cloisonne.  SUPPLIER 
to  KSC,  JSC,  Young  Astronauts,  Museums.  EXCLUSIVE  source: 
USSR,  ESA,  CANADA,  JPL,  CUSTOM  Aerospace  Projects. 

PROTECT  your  collection  with  custom  ALBUMS. 

$2  for  complete  Pin/Patch  catalog,  deductible  from  order. 
SPACECOM  INTERNATIONAL,  Box  7304-223F 
N.  Hollywood,  CA  91603-7304 

LIMITED  EDITION  - Apollo  11  Anniversary  Pin  - Reserve  now! 


ROCKETS!  SPACESHIPS!  Out-of-production,  hard- 
to-find:  model  rocketry,  plastic  kits,  plans,  literature, 
space/SF  collectibles.  Catalog  $1.  ACME  ROCKET 
COMPANY  Box  28283-FF39,  Tempe,  AZ  85285 

EDUCATION 


U S.  SPACE  CAMP 

Register  now  for  a week-long  adventure  into  astro- 
naut training  and  simulated  Space  Shuttle  missions. 
Grades  4-6  for  U.S.  SPACE  CAMP  in  Alabama  and 
Florida.  Grades  7-12  for  U.S.  SPACE  ACADEMY^ 
Write  U.S.  SPACE  CAMP  '89,  Box  1680, 

Huntsville,  AL  35807,  or  call  toll-free 
1-800-63-SPACE,  m Alabama  ^ |H 
call  205-837-3400.  . 


BOOKS  & PERIODICALS 

SOVIET  SPACEFLIGHT  REPORT  bimonthly  news- 


THE  MARS  MAP:  Now  available,  a detailed  shaded 
relief  map  of  the  Red  Planet.  This  colored  map 
shows  the  volcanoes,  canyons,  plains  and  craters 
of  the  planet.  Includes  an  index  and  glossary. 
Printed  on  a 35x37  inch  sheet.  Shipped  rolled. 
Write:  EXPLORATION  USA,  Box  456,  Dept.  FF  Col- 
lege Park,  MD  20740 

FJffl 


SPACE  & ASTRONOMY  DESIGNS 
ON  HEAVY-WEIGHT 
T-SHIRTS  + SWEATS 


CALL  OR  WRITE  FOR  FREE  CATALOG 

Caledonian  Graphics, 

Oapl . f , 

PO  Box  875,  Zaphyrhills,  FI.  34283. 

1-800-223-4607 


VIDEOS 


letter  provides  detailed  information  on  Soviet 
space  activities.  Six  issues  $15.  Sample  issue 
$1.00,  Starwise  Publications,  PO  Box  25-FA, 
Pulaski,  NY  13142. 

SPACE  FLOWN  MEMORABILIA  & VIDEOS 

ACTUAL  SPACE  FLOWN  Articles  along  with  actual  APOLLO 
CM  & LM  Hardware  & Apollo  Tracking  Charts!! 

Over  40  1 Hr.  Mission  Videos  containing  over  60  MISSIONS. 
Examples:  Apollos  10  & 11,  12  & 13,  14  & 15,  16  & 17; 
Plus  all  Shuttle  Missions  --  Only  $19.95  each  !! 

Apollo  / Shuttle  Press  Kits  & Flight  Plans  available!! 
STS  29  Press  Kit  (Info)  $10.00  FLIGHT  PLAN  $20.00 
AVD  767  St.  Michaels  Dr.  Mitchellville,  MD  20716 

BOOK  AUTHORS!, 

Join  our  authors  in  a complete,  reliable 
publishing  program,  publicity,  adver- 
rising,  handsome  books.  Speedy,  efficient 
service.  .Send  for  FREE  manuscript  re- 
port  6c  How  To  Publish  Your  Book . 

Carlton  Tress,  Inc.  d«p*  ffe 

11  West  32  Street  New  York  lOOOI 

SPACE  VIDEOTAPES 

Quality  NASA  produced  videotapes  on 
Apollo-Lunar,  Mercury,  Gemini,  Challenger,  and 
unmanned  probes  Mariner,  Voyager,  and  Viking 
Write  for  our  FREE  illustrated  catalog  . 
SPECTRUM  Video,  Depl.  F 
PO  Box  3698,  Ontario,  CA  91761 

SPACE  FRONTIERS.  Journal  of  space  history.  Scale 
plans,  modeling.  $15/year,  bimonthly.  Free  informa- 
tion and  back  issues  list.  SPACE  FRONTIERS,  PO 
Box  6488,  Newport  News,  Virginia  23606 

The  Solar  Record 

Common  sense  editorials,  short  stories  and  views 
of  space  assembled  to  build  a foundation  of  ethics, 
ideas  and  images  for  the  world’s  space  community. 
A political  but  non-partisan  pro-space  magazine, 
and  12  times  per  year,  finally. 

Be  active  in  unifying  the  goals  of  space  exploration 
Subscribe  today  - 12  hsues/$16.97 
The  Solar  Record 

Suite  168,  33  University  Sq.  Madison,  WI  53715 


FACES  ON  MARS?  Yes!  Latest  (1988)  digital  photo- 
analysis NASA  data.  New  faces,  pyramids  found. 
Book:  137  pp,  80  photos.  $15.  MARS  RESEARCH 
PROJECT,  Dept  F Box  284,  Glenn  Dale,  MD  20769 

TELESCOPES 


INVENTIONS  8t  IDEAS 

IDEAS,  INVENTIONS,  NEW  PRODUCTS  wanted  for 
presentation  to  industry  and  exhibition  at  national 
innovation  exposition.  Call  1-800-288-IDEA.  Or 
write:  ISC-FF903  Liberty,  Pittsburgh,  PA,  15222. 

300  UNCONVENTIONAL  TECHNOLOGIES! 
Suppressed,  dormant,  emerging  Inventions  & Dis- 
coveries! Antigravity!  Telsa!  Transmutations! 
Psychotronics!  "Free  Energy"  Generators! 
Astounding  Information  Archives  Catalog!  Send 
$2:  REXEL,  Box  1258,  Berkeley,  CA  94701 

AEROSPACE 


WANTED:  YOUR  USED  TELESCOPES  & ACCES- 
SORIES. Excellent  prices  on  yourtrade-in;  trade-ins 
handled  properly.  We  stock  all  major  brands  of 
telescopes.  For  an  immediate  quote  CALL  Jeff  or 
Brad,  Toll  Free  at  800-345-4202  or  612-545-6786. 
NORTHERN  SKY  TELESCOPES,  5667  Duluth  St., 
Golden  Valley,  MN  55422 


PHOTOGRAPHS 

BEAUTIFUL  SPACE  SHUTTLE  PHOTOGRAPHY  - 
We  have  a wide  variety  of  pictures  at  low  prices. 
Write  for  free  information:  SPACE  IMAGES,  PO  Box 
58694-F  Houston,  TX  77258 


CONTINUE  AMERICAS  SPACE  EXPLORATION!  Join 
America’s  Manifest  Destiny  Society,  Inc.  225  Divi- 
sion Street,  West  Harwich,  MA  02671-1003.  No  dues 
if  you  can't  afford! 


FLY  IN  SPACE 


2,200kph,  20km  high.  See  Shuttle 
Launch.  Join  A.E.S.A.  Info  $1.00. 

GEYER 

1501  Roosevelt  - F-1  • Carteret,  NJ  07008 


HOBBIES  & KITS 


LASER  PHASERS  PLASMA 

Plasma  sabres,  tesla  coils,  anti  gravity,  see  in  the 
dark,  surveillance,  force  fields,  personal  protection 
etc  and  many  others  CATALOG  of  plans,  parts, 
kits  and  assemblys  send  $100  to  Amazing 
Concepts.  Dept  FF  PO  Box  716,  Amherst,  NH 
03031  


COMPUTERS  & SOFTWARE 


Uranus  from  Voyager  2 


Simulate  Voyager  2 at  Neptune  on 

Cr  IBM  PC  or  compatible!  Plus 
, ager  1 and  2 at  Jupiter,  Saturn, 
and  Uranus,  and  Giotto  at  Halley's 
Comet.  Fascinating  program  original- 
ly developed  at  JPL.  $79  (California 
residents  add  66%  sales  tax)  plus  $3 
S&H,  or  write  for  FREE  information. 
XonTech,  Inc.,  6862  Hayvenhurst  An 
Van  Nuv s.  C4  9U06  1818)787-7380 


SPACE  BIRDS  predicts  visibility  of  artificial  earth 
satellites,  e g Mir,  Salyut  7 and  NOAA  10;  runs  on 
IBM  PC  Quarterly  SPACE  ORNITHOLOGY 
NEWSLETTER  keeps  SPACE  BIRDS  purchasers 
informed.  Write  for  complete  details. 
ASTRONOMICAL  DATA  SERVICE.  PO.  Box  26180, 
Colorado  Springs,  CO  80936  (719)  597-4068. 


COMPUTER  OWNERS 


$1,000  to  $5,000  Monthly 

Performing  simple  services  wifft  your  Computer 
Write  for  Free  List  of  100  Best  Services  to  Offer' 
A.I.M.R.H. 

P0  Box  60369  Son  Diego  CA  92106  j 


BUSINESS  OPPORTUNITIES 


GET  PAID  for  mailing  letters!  $20000  daily  Write 
PAASE-NE3. 161  Lincolnway,  North  Aurora,  IL  60542 


REACH  YOUR  MAIL  ORDER  MARKET 
IN  THE  FINAL  FRONTIER  CLASSIFIEDS 

Now  you  can  reach  over  160.000  space  enthusiasts  and 
professionals  in  the  FINAL  FRONTIER  Classifieds  it's 
your  most  direct  route  to  reaching  core  businesses,  buy- 
ers and  activists  in  the  international  space  marketplace 

RATES  & REQUIREMENTS 

$55  minimum  lor  25  words  $175  each  additional  word. 
10%  discount  if  prepaid  for  3 issues  (same  ad);  15%  dis- 
count prepaid  for  6 issues  Box  or  blind  ad,  $10 
additional.  Payment  must  accompany  order  Non- 
commissionable  Include  name,  address  & phone 
number.  Advertising  accepted  at  sole  discretion  of  pub- 
lisher. 


DISPLAY  CLASSIFIEDS 

$110  per  column  inch,  one  time,  $95  per  column  inch.  3 
times,  $90  per  column  inch.  6 times  Column  inch  is  2Va 
in  wide  Please  design  height  in  whole  inches.  Display 
ads  can  be  designed  for  an  additional  charge 

DEADLINE  & MAILING  INSTRUCTIONS 

Copy/mechamcais  must  be  received  60  days  prior  to 
publication  date  (le  May  1 for  Jufy/Aua  issue).  Mail  copy 
or  materials  with  payment  to:  FINAL  FRONTIER  MAGA- 
ZINE, Classified  Dept , 2400  Foshay  Tower.  Minneapolis, 
MN  55402  For  further  information,  call  Stephen  Martin  at 
612-332-3001 


A-B  Emblem  was  the  manufacturer  of  the 
^ original  NASA  patch.  And  since  Apollo  12,  A-B 
Emblem  has  been  the  sole  supplier  of  patches  to 
the  astronauts,  under  exclusive  contract  with  NASA. 
Other  manufacturers  can  say  they  supply  patches  to 
NASA,  but  this  does  not  mean  they  make  the  space 
mission  patches  for  the  astronauts.  Only  A-B  Emblem  can 
say  that.  And  now  you  can  order  direct. 


Mercury,  Gemini.  Apollo-Soyu/,  Skylab  and 
European  Space  Agency  patches  also 
available 


A-B  emblems  are  also  available  through 
Spaceport  USA  at  Kennedy  Space  Center, 
and  at  NASA  exchanges  and  museum  gift 
shops  throughout  the  world 


ORDER  FORM 


(All  Shuttle/Apollo  patches  are  4",  S4  95  ea 
NASA  insignia  and  all  Mercury/Gemini 
patches  are  3"  S2  95  ea  1 

Total 

Qty.  Package  Prices:  cost 

Qty. 

Stock  * 

Total  Cost 

CurrentShuttleSeries(27  patchesiSI0865 
Save  S25  00 



10  Most  Recent  Shuttle  Patches  639  50 
SaveS  10  00 

Entire  Apollo  Series  1 1 2 patchesl  S49  50 
SaveS  12  00 

Entire  Mercury  Series  (6  patches)  SI6  95 

Entire  Gemini  Series  1 1 1 patchesl  S29  95 

The  Mission  Data  Booklet— gives  complete 
summary  of  each  NASA  Mission  S3  95  ea 
Ifree  with  purchase  of  S50  or  morel 

Sub-Total 

NC  Resident  3%  Tax 

Shipping/Handling 

S2  00 

Total  Order 

Call  Toll  Free  Have  your  VISA  or  MASTERCARD  ready 
Or  send  name,  address,  and  check  or  money  order  to 
A-B  Emblem.  PO  Box  82695,  Weaverville.  NC  28787 

A B emblem 

DIVISION  OF  CONRAD  INDUSTRIES  INC 

Weaverville,  North  Carolina  28787 


800/438-4285 


Destinations 


In  human  affairs  then  is  no  snug  harbor,  no  rest  shod  of  the  grave. 
He  are  forever  setting  forth  afresh  across  new  and  stormy  seas, 
or  into  outer  space. 

Samuel  Eliot  Morison,  1971 
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For  a spacecraft  manu- 
facturer, achievement  is 
ultimately  marked  by 
on-orbit  performance. 

Of  the  163  civilian, 
commercial  and  govern- 
ment satellites  that  GE 
Astro  Space  has  built  and 
successfully  launched,  all 
are  either  operating  as 
designed  or  have  met 
or  exceeded  their  design 
lives.  This  record  of 
achievement  includes 
400  years  of  operational 
service  and  stems  from 
consistent  enhancements 
in  our  design,  manufac- 
turing, test,  and  program 
management  methods. 

Today’s  customers 
are  stressing  lower  cost 
and  risk  and  improved 
produc  ibility  and  perfor- 
mance. Our  record  of 
achievement  offers  sev- 
eral advantages:  a flex- 
ible design  base  that 
has  been  selectively 
enhanced  time  and  time 
again  and  on-orbit  per- 
formance that  has  dem- 
onstrated the  integrity 
of  each  and  every  one 
of  these  enhancements. 


GE  Astro  Space 

* 


For  two  cents  you  can: 

Rent  a roller  skate  for  a minute, 
phone  a friend  in  Australia  for  a second, 
enjoy  12  minutes  of  air-conditioning, 
buy  an  inch  and  a half  of  a * 2 pencil, 

or 

build  a knowledge  engine  in  the  sky 
to  launch  a new  age  of  learning. 


Support  the  Space  Station. 

Write:  “Get  U.S.  into  Space,”  c/o  McDonnell  Douglas,  Box  14526,  St.  Louis,  MO  63178 


The  Space  Station's  potential  for  expanding  our  understanding  of  the  universe  is  boundless.  And  the  cost  of  building  and 
maintaining  it  comes  to  roughly  two  cents  a day  for  every  American.  Your  support  for  the  NASA  Space  Station  wilj  make 
a difference.  So  get  your  two  cents  worth  in.  Write  today. 


MCDONNELL  DOUGLAS 


